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PREFACE 



Budgets constrain choices. They are not the only constraints; law, 
cuatom, tradition, political alignments, and inertia all serve to limit 
further a decision-maker's options. Nevertheless, budgets remain a 
central constraint. With his budget a Minister of Education, say, can 
buy teachers, books, scboolhouses , radio sets, and the other inputs he 
needs to run his school system. The amount of each input that it is 
feasible for him to buy depends on the costs of the inputs and the 
level of his budget; his feasible alternatives constitute the set of all 
possible combinations of inputs whose total cost falls within the. budget. 
In order to know which potential alternatives are feasible and which 
are not, the Minister must assemble information on input costs. Our 
purpose in this book is to present a methodology for the cost evaluation 
of ongoing educational projects and for the planning of future ones. 
Part One of the book develops this methodology in general terms; Part Two 
illustrates its application by examining the cost structure of instruc- 
tional radio and television projects, with particular attention to those 
located in developing countries. Part Three contains nine cost case 
studies; these cases provide much of the empirical information upon 
which Part Two is based. Most of these cases combine evaluation of a 
project's heretofore incurred costs with projection and planning for 
future ones. 

Obtaining costs in order to determine the set of economically 
feasible alternatives is the first step in educational planning, but it 
is only a first step. The Minister of Education must also obtain 
available Information concerning the linkage between educational inputs 
and educational outputs and the linkage between educational outputs and 
economic and social outcomes. 

Cost-effectiveness analysis uses knowledge concerning the first 
linkage, between educational inputs and outputs, to help mcextitn which 
of the feasible alternatives will result In the 'maximum' educational 
output. (As educational output is multidimensional, for example, number of 
graduates of each level per year, the term 'maximum' output is used 
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here to mean an output that can be increased on no one dimension without 
either being decreased on another or violating the budget constraint.) 
Cost-effectiveness analysis, then, deals with the problem of how to 
get the most in terms of educational output from the funds available 
to the educational system."^ It constitutes the second step in educa- 
tional planning. 

The third step in educational planning deals with the relationship 
between the outputs of the educational system and various economic 
and social goals. Are educated individuals more economically productive, 
less inclined to crime, better citizens? If so, which types of education 
contribute most to these goals? Answers to these questions would assist 
the Minister of Education and the Central Planning Agency in ascertaining 
how much should be spent on education altogether and how that amount 
should be distributed across various types of education. In the terms 
of the preceding paragraph these answers would help enable the Minister 
to decide which of the maximum levels of output is most desirable for 
any given budget and to decide on an appropriate budget level. Cost- 
benefit analysis is the term economists use to describe this third step 
of educational planning, and economic research in education has focused 
on measurements of benefits for improving cost-benefit analyses. 

Our purposes in this book— development of a cost evaluation methodol- 
ogy and provision of improved information concerning the costs of 



Jamison (1972) develops one methodology for cost-effectiveness 
analysis of schooling in developing countries and provides references 
to the literature. Use of the term 'cost-effectiveness analysis' to 
describe the activities involved in modeling input-output relations in 
education is misleading to the extent that it implies the task to be 
one for economists. Experts in educational psychology, media research, 
statistics, and organizational theory , play a more central role. 

^Psacharopoulis (1972) reviews an extensive literature that assesses 
the economic benefits of various forms of education (and computes rates- 
of-retum) by attempting to disentangle the influence of education from 
other determinants of individuals' incomes. Griliches (1970) surveys 
and synthesizes a much smaller literature that examines the effect of 
education on worker productivity and national economic growth. 
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Instructional television and radio— can be viewed as an attempt to Improve 
cost-i2ffectlveness and cost-benefit analyses In education. Thlo is the 
role of cost analysis. We wish to make explicit, however, that our 
present effort in no way attempts to provide a cost-ef f eictiveness or 
cost-benefit analysis of the extent to which these new media should be 
used. Such analyses need be done In the context of a particular 
country's price system, nonbudgetary constraints, overall economic 
situation, and development objectives. 

Just as cost analysts begin increasingly to scrutinize educational 
projects, so too is it worthwhile to examine the costs (and benefits) 
of undertaking^ evaluations, and, in particular cost evaluations. This 
book falls to address this issue in any substantive way, but it may be 
worthwhile for us to record our observations on the matter here. The 
total cost of the research and writing of this book was, we would estimate, 
on the order of $125,000, plus or minus 30%. A comprehensive cost 
analysis of a complete range of technological options for educational 
reform in a country or region could cost $50,000 to $150,000, though 
much valuable information could be produced by a $5,000 to $10,000 
consulting effort properly done. 7or planning purposes a small effort 
should almost always precede a large one in order to lay out options in 
broad terms for the appropriate decision-makers; this might be followed 
by a more comprehensive and focused cost planning study. 

The potential benefits of cost analysis are several. First, a 
properly done cost analysis will cost a range of options helping to 
force generation of options and comparisons among them. Second, cost 
evaluations help pinpoint the sources of major cost items and can help 
thereby to provide information useful in reducing costs. Third, a good 
cost analysis will force a decision-maker to recognize that costs will 
almost inevitably be higher than he and his advisors may be tempted to 
think (see Chapter HI ) ; this may help lead to the abandonment of 
unduly costly projects. 

The potential benefits can only bo realized if the relevant decision- 
maker (s) use and interact with the cost analysts. We hope in this book 



to provide a methodological and empirical basis that will help facilitate 
that Interaction. Whether the ensuing benefits are worth the costs we 
leave to others to judge. 
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CHAPTER I 
COST ANALYSIS: METHODOLOGY 

Our aim in this chapter is to set forth the methodologies 
appropriate to the cost analysis of educational systems for plan- 
ning and evaluation purposes, paying specific attention to application 
to instructional technology systems. There is by now a reasonably 
extensive literature concerning educational costs,"^ but the methodol- 
ogies of that literature are generally inadequate for dealing with 
capital investments in education. The reason appears to be that with 
the exception of building costs, concerning which a decision-maker 
usually has little choice, most educational costs are recurrent. 
Decisions to utilize a technology, on the other hand, entail acceptance 
of a commitment to pay novr and reap the benefits later: for this reason 
an adequate analysis of the cost of instructional radio and television 
(and indeed for any system requiring substantial capital investment) 
must grapple directly with the problem of the temporal structure of 
cost and utilization. 



Perhaps the most valuable discussion of educational costs is a 
recent book of Coombs and Hallak (1972) ; this is one in a series of 
studies, sponsored by UNESCO's International Institute for Educa- 
tional Planning, that also includes Vaizey and Chesswas (1967) and 
Hallak (1969), Other general discussions of educational costs in- 
clude Bowman (1966), Edding (1966), Thomas (1971, Chapter 3), Haller 
(1974), and Levin (1974). Vaizey et al. (1972, Part Six) treat 
teacher costs in some detail, and Schultz (1971, Chapters 6 and 7) dis- 
cusses the important and occasionally overlooked cost of students' 
time. Previous discussions of educational technology costs appear 
in Schramm et al, (1967b, Chapter 4 and the accompanying volumes of 
case studies), General Learning Corporation (1968), and Hayman and 
Levin (1973), Camoy (1975), and Camoy and Levin (1975). Fisher 
(1971) provides an excellent discussion of cost analysis with 
specific reference to national defense systems. 
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In this chapter we describe the methodology we use to handle 

this proKlem of cost and utilization occurring at different points 

2 

In time. Costs are considered as a function of the inputs to the 
educational process. Our methods draw on the standard economic 
theory of intertemporal choice, but, as often occurs when applying 
economic theory, minor modifications are required to deal with the 
problem at hand. In what follows. Section 1 will briefly discuss 
some of the more Important aspects of the collection and organiza- 
tion of cost data — although this is not truly a part of the 
methodology of cost analysis £er se, it is important to establish 
the context in which the analysis is embedded and to stress that 
the analysis can be no better than the data that are put into it; 
Section 2 describes cost functions and their properties; Section 3 
then describes methods of annualizing capital costs; Section A 
points out that using annualized capital costs can misstate the 
true costs of a project, and introduces a method for incorporating 
the time structure of utilization into the analysis; Section 5 
examines a slightly different notion of cost, opportunity cost, 
and discusses how, given a limited set of altemativee. costs of 
a decision may fruitfully be thought of in terms of the real trade- 
offs that can occur; and finally. Section 6 sums up and concludes • 



^Most discussion of cost in economics centers around how the 
cost of output varies with its quantity under the assumption that 
the producer of the output is economically efficient; see, for 
example, Henderson and Quandt (1958, pp. 55, 62). The concepts of 
total, average, and marginal cost that are usually used to de- 
scribe output cost can also be used to describe input costs: 
usually, however, the cost of an input is simply assumed to equal 
the quantity utilized, multiplied by its unit price. This simple 
model of input costs is Inadequate for our purposes. Walsh ^(1970, 
Chapter 22) engagingly synopsizes the history of economists usage of 
the term 'cost?, and provides a clear statement of modem views. 
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1. COLLECTION AND ORGANIZATION OF COST DATA 

The primary emphasis of this report is the development of the 
appropriate methodological approaches to the analysis of system cost 
information. However, the cost analysis depends greatly upon the 
initial collection and organization of the relevant cost data and 
in this section we will briefly comment on some of the more impor- 
tant aspects of this procedure. For more detailed discussions of 
this topic the interested reader is referred to Coombs and Hallak 
(1972), Davis (1966), Levin (1974), and UNESCO (1975). 

In order to understand the salient features of the initial 
cost collection procedure It is helpful to have an overview of the 
cost analysis process. The analysis may be thought of as pro- 
ceeding in three stages, although often work on the different stages 
proceeds simultaneously: first, historical cost information on 
the system is collected; second, the historical relationship between 
these costs and the system variables that influence them is 
specified; and third, future system costs are projected based on 
hypotheses concerning the future configuration of cost-influencing 
system variables. Although it is the first stage that is concerned 
directly with the collection of historical cost data, it is necessary 
to remember that the historical data are required to feed into the second 
and third stages of the analysis; in particular, the cost analyst needs 
to gather not only historical system cost information, but also 
information on the amount of physical resources purchased in each 
category and the period associated with the expenditure, as well 
as the level of the key structural variables of the system that 
influence these resource needs. For example, in the case of an 
instructional television system, not only does the analyst need to 
know how much was spent on television receivers in a given year, 
but also requires such information as the number of receivers pur- 
chased and the number of students the system serves. 
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In order to begin data collection activities, the analyst 
should previously have enumerated a rather exhaustive and detailed 
list of tlie resource categories relevant t'./ the particular system 
under study. This initial step is quite important as vjmponents 
that are excluded from this conceptual phase of the analysis may 
never be costed. The analyst can usually draw on his or her expe- 
rience with similar pro^|ects in making such a list, but it is much 
better to have a close familiarity with the particular project 
under study, either through firsthand experience or secondary 

sources, since each system usually has its own peculiarities that 

3 

can too easily be missed. 

Once the list of resource categories is drawn up, cost col- 
lection activities may proceed in two general ways. First, cost 
information for each resource category may be found from the 
analysis of budget and expense documents. Unfortunately, budgetary 
and expense information is often collected for purposes quite 
separate from economic evaluation and it is usually a difficult 
task to translate such data into a form useable for the cost 
analysis. Further, many system resources may not be reflected in 
project budget or expense documents, but may be contributed through 
foreign donors, other government agencies, or the private sector. 
Such cost data need to be sought from the appropriate sources. 
One of the most difficult categories to cost are those physical 
or human resources that are donated to the project, without an 
explicit monetary charge; nonetheless, if such resources have a 
value to the economy in alternative uses they represent a real 
societal cost that must be estimated (see Section 1 of Chapter II 
for a further discussion, espc-cially note footnote 1 of that chapter). 



For example, in the Ivory Coast the theft of television re- 
ceiver^? is sometimes a problem and may represent a significant 
cost it^^m that could easily be overlooked. 
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Somotlmefi budgetary and expense information is so poor for 
cost evaluation purposes (or, for some projects, may not even 
exist), that it is necessary to estimate costs by cataloguing the 
resources needed or used in each resource category and then find- 
ing the appropriate prices for these resources. For example, In 
Mexico, no cost i.^.formation was available for the production equip- 
ment used in the production of ITV programs. One of the authors had 
to go through the production facilities, note all the equipment 
used, and go to manufacturers for estimates of the prices of such 
equipment. More commonly this procedure may be followed to estimate 
system expenditu^res for items such as television receivers, where 
Information could be gathered on student enrollment, on the average 
ratio of students to receivers, and on the price of a receiver. 

Care must, then, be taken in the organization and collection of 
cost data (some of the potential problems and causes of costing 
errors are discussed in Chapter II, Section 3). The collection of 
these data will generate an historical cost table, which lists 
the costs incurred under each resour;:e category for each year of 
tts« project's operation. The data in this cost table, along with 
th^ historical information on physical resources used and the 
historical level of the relevant system variables, will form the 
basis for the projection of the year by year cost table into the 
future as well as for the estimation of the relevant cost functions 
(see the next section and Chapter IV). Although in what follows 
we emphasize the methodology necessary to proper cost analysis, it 
should be remembered that the analysis can be no better than data 
that are put into it, and experience and careful Judgment in the 
collection of cost data are vital to a meaningful evaluation. 

2. COST FUNCTIONS AND THEIR PROPERTIES 

We begin this section by defining the concepts of total cost, 
average (or unit) cost, and marginal cost; we then examine the 
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special case in which it is appropriate to separate costs into 
fixed costs and variable costs. We conclude by discussing the situa- 
tion in which there are multiple inputs to the cost function. 

Total, Average and Marginal Cost 

It is useful to think of costs as functions rather than as 
numbers: a total cost function for an Input gives the total cost 
required to finance an input as a function of the amount of the 
input required. To take an example , let 

Total Cost « TC " TC(N) , 

where TC(N) is the total cost required to provide an input of 
instructional television to N students. 

The average cost function (or, equivalently, unit cost f miction) 
is defined to equal the total cost divided by the noaber of nntts 
of the input provided: 

Average Cost « AC(N) - TC(N)/N . 

Just as the total cost depends on N , so may the average cost. 

The marginal cost function gives the additional cost of pro- 
viding one more unit of input (i.e., in this example, of providing 
instructional television to one more student) as a function of 
the number of units already provided. Stated slightly aore pre- 
cisely, the marginal cost function is the derivative of the total 
A 

cost function: 



For those readers unfamiliar with the concept of derivative, 
perhaps a more useful formula for illustrating the marginal cost 
concept would be: 

Marginal Cost - MC(N) » TC(N+1) - TC(N) . 
That is, the marginal cost at any given level of student utiliza- 
tion, N , is equal to the total cost for N+1 students minus the 
total cost for N students. This is an accurate representation of 
marginal cost and is utilized In the textual example that follows; 
however, this formulation has the disadvantage that it must be re- 
confuted for each level of N , while the derivative formulation 
yields a function that allows the calculation of marginal cost for 
any level of N , 
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Marginal Cost » MC(N) « dTC(N)/dN . 

Again, it is important to keep in mind that the marginal cost will 
in general be a function ,pf N . 

To illustrate the concepts above let us construct a simple 
arithmetic example. In Table I.l, the first column indicates the 
number of students served by a particular educational program, while 
Che second column indicates the total costs of serving that number 
of students. We see that the example has been constructed to in- 
dicate that total costs are some function of the number of students; 
that is, total costs increase as the number of students increases 
(although the functional representation of the relationship between 
TC and N is not given, and would not be as sinqjle as that examined 
below in fixed and variable cost subsection). From the information 
presented in the first and second columns we can derive the average 
and marginal cost information presented in the third and fourth 
columns. The average cost is simply the total cost divided by the 
number of students while the marginal cost is the addition to total 
costs caused by the addition of one more student to the system. The 
average cost measure is most u>?eful as an historical summary of the 
system's efficiency in doing its task, while the marginal cost 
measure is more useful for examining the cost consequences of ex- 
panding or contracting the system, iii terms of the number of students 
served. ^ 



The example above also illustrates the relationship between 
average costs and marginal costs. For the average cost to rise as 
the system expands the marginal cost of adding another student must 
be greater than the average cost; for example, in expanding from 
serving one student to serving two students the marginal cost is 
$40, which is greater than the $30 average cost of serving one 
student — therefore, when the system expands to two students the 
average cost rises (from $30 to $35 in this case). Similarly, if 
the marginal cost is below the average cost, the average cost will 
fall as the system expands; this is illustrated in our example as 
the system expands to serve more than three students. When average 
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> TABLE I.l 
TOTAL, AVERAGE, AND MARGINAL COST E3CAMPLE 



Unit (students) 


Total Cost 


Average Cost 


Marginal Cost 


0 


$ 0 


$ 0 


$30 


1 


30 


30 


40 


2 


70 


35 


35 


3 


105 


35 


15 


4 


120 


30 


10 


5 


130 


26 
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Fixed and Variable Costs 

Wnen c^e total cost function can be approximated by the simple 
and convenient linear form, 

(I.l) TC(N) F + VN , 

it becomes possible to separate costs into fixed costs and vari- 
able costG. In this example, F would be the fixed cost because 
the value of cost contributed by the first terra on the right hand 
side is independent of N ; vis the variable cost per unit of in- 
put because the value of total cost contributed by the second term 
on the right hand side varies directly with N . When the total 
cost function is linear, as in equation I.l, the average cost is 
simply equal to the fixed cost divided by N plus the variable cost 
(AC(N) = F/N + V); the marginal cost is equal to V . Thus the 
average cost declines as N increases (by spreading the fixed cost 
over more units) until, when N is very large, the average cost is 
close to the marginal cost. 

Equation I.l is a reasonably good rough approximation to the 
cost behavior of instructional technology systems.^ Program prepara- 
tion and transmission tend to be fixed independently of the number 
of students using the system. Reception costs, on the other hand, 
tend to vary directly with the number of students. 



and marginal costs are equal, expansion will yield the same average 
cost; this is illustrated above in the increase from two students to 
three students where the marginal cost of the increase is $35, which 
is the same as the average cost for two students, yielding a similar 
$35 average cost for three students. 

^It should be emphasized that this linear formulation of the 
total cost function is in many cases only a rough approximation. 
For example, as the system expands to cover students from more 
heterogeneous cultures, more geographically distant locations, or 
less densely populated areas both the variable cost per student and 
the marginal cost per student may not remain constant (and will not 
necessarily be equal either), but may increase. See Chapter IV 
for a more extensive discussion of this point. 
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Multiple Inputs to the Cost Function 



In the preceding subsections we have assumed that the total 
cost of providing instructional radio or television depended on only 
a single variable, the number of students reached. This is a reason- 
able approach in circumstances where one can assume other poten- 
tially relevant variables to be fixed. Often, however, particularly 
in planning situations, it is Important to consider explicitly the 
other variables. The input one wishes to cost is not just instruc- 
tional television for N students; it is instead instructional 
television for h hours per year for N students spread over a 
geographical region of x square miles. More variables could be added. 

While treatment of multiple inputs involves some additional 
complication, the basic concepts introduced so far change but little. 
Total cost is now a function of several variables; in cur view example, 

TC « TC(N,h,x) , 

the marginal costs become the amount total cost changes for a unit 
change in each of the determining variables: in this 3-variable 
example, we have 3 marginal costs defined mathematically by partial 
derivatives as follows:^ 



Similar to the discussion in footnote 4 for any given value of 
N , h , or X , the marginal cost with respect to N , h , or x , 
can also be represented by the increase in total cost caused by adding 
one student, one hour of programming, or one square mile of coverage, 
respectively. This formulation would yield an accurate estimation of 
marginal cost only for a specified level of N , h , and x , from which 
we want to examine an incremental expansion of one of the variables, 
holding the other two constant. The derivative formulation again has 
the advantage that it yields a functional representation of the 
marginal cost with respect to N , h , or x that allows one to cal- 
culate the marginal costs of expansion of N , h , or x , at any 
level of the three variables without having to caluclate the total 
costs in each instance. 
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Each of these partial derivatives can be a function of N , h , and 
X . Likewise there Is a number of average costs — the cost per 
student, TC/N , the cost per hour of presentation, TC/h , etc. 
In addition, however, one may wish to consider composite averages; 
for example, the cost per student per hour. That cost would be 
TC/Nh . 

Aside from potential practical complications, then, there Is 
small conceptual difficulty In going from consideration of a single 
determinant to multiple determinants of cost. in the analysis of the 
cost of ongoing projects presented In Chapter m and In the case 
studies presented In Part three, we will rely heavily on a cost 
function model that assumes total costs to be a linear function of 
the annual number of students In the system, N , and the annual 
number of programming hours broadcast, h , as follows:^ 

(1.2) TC(N,h) = F + V„ N + h , 

N h 

where F = the fixed costs of the ystem in the sense that they are 
Independent of and h , 
Vjj = the variable cost per student, 
and Vj^ = the variable cost per hour of programming broadcast. 

In order to let the number of students and programming hours in 
the system be the sole determining cost variables, as in equation 1.2, 



g 

It should be noted that a more detailed formulation of the 
total cost function would have several different t3rpes of *h* vari- 
ables: production costs depend most closely on the number of pro- 
gramming hours produced each year; transmission costs depend on the 
number of programming hours broadcast annually; and reception costs 
will vary somewhat (due to the costs of supplying power to the 
television or radio receivers) with the number of programming hours 
the average television or radio set receives annually. The second 
definition is the one used in the case studies and in Chapter m 
(unless specified differently for a particular project); given cer- 
tain assumptions as to program lifetime and receiver utilization , 
the three definitions may be linearly related. See Chapter IV for 
a more extensive discussion. 
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it is necessary to let the values of F , V^^ and V^^ depend on 

aspects of the system that are assumed to remain unchanged. F 

will depend, among other things, on the number of grade levels the 

students to be reached are in, as well as the geographical area over 

which they are spread. V^^ will depend on the quality of programming, 

while V will depend on class size. To the extent that the situa- 
N 

tion warrants assuming these other variables will change little, 
the use of a simplified cost function such as that presented above 
in equation 1.2 is warranted. In Chapter IV, more detailed cost 
functions will be utilized, reflecting the utility of considering 
multiple determinants of costs in the planning process. 

3. TREATMENT OF TIME: ANNUALIZATION OF CAPITAL COSTS 

A capital cost is one that is incurred to acquire goods or 
service that will have a useful lifetime that extends beyond the 
time of purchase. Recurrent costs , on the other hand, are incurred 
for goods or services that are used up as they are bought. ITie 
principal cost of schools is the recurrent cost of teachers' time; 
since teachers are paid while they provide their service, the useful 
lifetime of what is actually purchased simply coincides with the pay 
period. (In this example we neglect the humaft capital forming aspect 
of teacher training colleges.) The cost of a pencil would seem to 
be a capital cost since, depending on one's penchant for writing, it 
could last for several months. In fact, pencils are treated as 
recurrent costs for the reason that their expected lifetime is less 
than the accounting period (usually one year) of school systems. 
The line between capital and recurrent costs is, then, usually drawn 
at one year; if the lifetime of a piece of equipment is greater than 
that, its cost is usually treated as a capital cost. Coombs and 
Hallak (1972, Chapter 9) point out that school systems often adhere 
only loosely to this one year convention and they provide a valuable 
practical di cussion of how to examine school building and facili- 
ties costs. 
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An occasional sourcas of confusion, even among economists, is 
between fixed costs and capital costs. There can be fixed costs 
that are recuxrent; an example is the electric power required to 
operate a television transmitter. Likewise there can be capital 
costs that are variable; an example is the receiver component of 
reception costs. Thus the concepts of fixed costs and capital costs 
are distinct though it is often true that major capital expenditures 
are associated with substantial fixed costs. 

How does one construct the cost functions discussed in the 
preceding subsection if capital costs are present? Let us say that 
a school system buys a radio transmitter and 6000 receivers in 
year 1 for a total cost of $220,000. It would clearly be inappro- 
priate to include the entire $220,000 as a year 1 cost in attempting 
to determine the unit cost of the use of radio in year 1; likewise 
It would be inappropriate, in computing year 3 costs, to consider 
the use of transmitter and receivers as free. In order to construct 
a useful cost function it is necessary to annualize (unfortunate 
verb) the expenditure on capital equipment. 

Two variables are important in annualizing expenditures on 
capital equipment. The first of these is the lifetime of the equip- 
ment; if the equipment lasts n years, a fraction, on the average 
equal to 1/n , of its cost should be charged to each year. This 
is a depreciation cost. 

The second variable that is important in annualizing capital 
expenditures is the social discount rate. The social discount rate 
reflects a value judgment concerning the cost to society of with- 
drawing resources from consumption now in order to have more con- 
sumption later. It is represented as an interest rate because in 
an important sense the 'cost' of capital is the interest charge that 
must be paid for its use. One way of obtaining an approximation for 
an appropriate value for the social discount rate is to examine 
the private cost of capital. If a country has invested $220,000 in 
radio facilities, the capital thereby committed cannot be used 
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elsewhere, for example, it cannot be used to construct a bicycle factory 
or fertilizer plant. To see the importance of this let us asfsume that 
the lifetime, n , of the $220,000 worth of radio equipment is 10 
years and that the country could, if it chose, rent the equipment 
for $22,000 per year instead of buying it. Whether the country 
rents or buys then, over the 10--year period it will spend $220,000 
on equipment. But it is obvious that the country would be foolish 
to buy under these circumstances for the simple reason that if it 
rented the radio equipment it could put the $220,000 in a savings 
bank in Switzerland (or in a fertilizer plant) and collect interest 
(or profits from the sale of fertilizer). Of course, for most of 
the time the country would collect interest on only a part of the 
$220,000 if it were paying the rent out of this account: neverthe- 
less, if it were receiving 7.5% interest, there would be $132,560 in 
the bank at the end of the 10 years. 

As this example has Indicated, there is a cost (interest charge) 
involved in having capital tied up in a project, and this cost is 
measured, to some extent, by the potential rate of return to capital 
elsewhere in the economy.^ The total amount of this cost depends, 
of course, on the amount of capital that is tied up; if the value 
of the capital in a project is depreciating, as it must be as its 
lifetime draws to a close, then the amount of capital tied up 
decreases from year to year. It is thus inappropriate £n annualizing 



The issues involved in determining a value for the social rate 
of discount are actually rather complex and involve consideration of 
reinvestment of returns as opposed to consumption of them. The 
productivity of capital in an economy is a measure of what must be 
given up to finance a project; there remains the problem of comparing 
net costs and benefits that occur at different points in time. 
DasGupta et al. (19.72, Chapters 13 and 14) review these issues and 
argue forcibly thW d-discount rate to make net returns at different 
points in time comparable reflects a social value judgment. They 
argue, therefore, that the policy analyst should use a number of 
social discount rates in order to exhibit clearly the sensitivity^^ 
of the results to the values chosen. This we do, using annual ^ ^ 
discount rates of 0%, 7.5%, and 15%. 
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capital costs to depreciate the value of initial capital by 1/n 
and add a capital charge equal to the social rate of discount times 
the initial value of the capital. One must take into account the 
changing value of the capital over the project life. 

If we take this changing value into account and are given an 
initial cost, C , for an item of capital equipment, its lifetime, 
n , and the social rate of discount, r , the annualized cost of 
capital is given by a(r, n)C , where the annualization factor , 
a(r, n) , is given by equation 1.3: 

(1.3) a(r, n) = [r(l + r)""] / [(1 + r)"" - 1] 

Table 1.2 shows a(r, n) for a number of values of r and n . 
When r is equal to zero, equation 1.3 is not applicable and 
a(r, n) simply equals 1/n . The derivation of equation 1.3 would 
lead us astray from our main purposes; we refer the interested reader 
to the complete account in Kemeny et al. (1962, Chapter VI). In our 
television example we asstamed a value of C equal to $220,000 and 
a lifetime of 10 years; if we assume a social discount rate of 7.5% 
we have the following: 

annualized cost = [0.075(1.075)^°] / [(1,075)^° -1] x 220,000 . 
This is equal to $32,051 per year. 

It is important to realize that the use of an appropriate social 
rate of discount, r , is not just a theoretical nicety, but makes a 



Unfortunately this is the procedure used by the economists 
Involved in the HEP (1967) case studies of the New Educational Media 
in Action (Schramm, Coombs, Kahnert, and Lyle, 1967). Their approach 
overstates the cost of the media, though such a low discount rate is 
used (about 3%) that the mistake is partially counterbalanced. Speagle 
(1972, p. 228), in his assessment of the cost of instructional television 
in El Salvador, concluded that "...the inclusion of interest charges 
Vould not have made imich practical difference for the usefulness of this 
study as a policy instrument while opening a Pandora's Box of theoretical 
arguments, imputations, and adjustments." We feel that inclusion of 
interest charges does have practical relevance for understanding the 
El Salvador experience, and we indicate its magnitude in Chapter III 
and Chapter VII. 
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TABLE 1.2 

VALUES OF THE ANNUALIZATION FACTOR a(r, n) 



n 


0 


r = 7.5% 


15% 


1 


1.000 


1. 000 


1 m UUU 


2 


.500 


. 557 


AT ^ 
■ Oj.^ 


3 


.333 


. 385 




4 


.250 


. 299 




5 


.200 


. 247 




6 


.167 


. 213 




7 


.143 


. 189 




8 


.12: 


.171 


0 0 Q 


9 


.111 


.157 


.210 


10 


.100 


. 146 


. ly y 


11 


.091 


.137 


.191 


12 


.083 


.129 


.184 


13 


.077 


.123 


.179 


14 


.071 


.118 


.175 


15 


.067 


.113 


.171 


20 


.050 


.098 


.160 


25 


.040 


.090 


.155 


50 


.020 


.077 


.150 
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slgnlficant practical difference in terms of assessing the real costs 
of an instructional technology project. Not to do so, that is, to 
use a zero interest rate. Implies that the project planner is Indif- 
ferent, for example, between spending a million dollars now versus 
doing so ten years from now; such treatment can seriously understate 
th«. coets of an instructional technology project and thus make it 
look more favorable in a cost comparison with a traditional system, 
since the former usually has greater capital expenditures involved 
than the latter. 

To illustrate the extent to which inclusion of an appropriate 
interest rate makes a practical difference in costing projects. Table 
1.3 presents the average cost per student for the projects discussed 
in Chapter III (based on the annualized cost function, evaluated for 
the specific year stated for each case) , and depicts the degree to 
which such costs are underestimated if no discount rate is used (that 
is, r = 0) when the appropriate time preference for resources should be 
expressed by an interest rate of 7.5% or 15%. We seo that the percentage 
underestimation will vary from project to project; on the average, 
if no interest rate is utilized and r should equal 7.5%, project costs 
estimates for these cases are underestimated by 10.3%, while if the 
true interest rate is 15%, costs would be underestimated by 19.1%. 
Although the difference in dollar amounts may not appear to be great 
at first glance, it should be remembered that total project costs will 
be underestimated by the same percentage, and thus a small dollar 
difference may reflect an underestimate of true system costs that may 
be hundreds of thousands or even millions of dollars, depending on 
the extent of student utilization. 

If all capital costs are annualized in the way suggested here it 
becomes possible to compute the annualized values of F , V , and 

for the total cost function of equation 1.2 (or to compute the 
parameters of a more complicated cost function). If assessment of 
the parameters is all that is desired-and that, indeed, is much of 
what one needs to know-no further theoretical work is necessary. 
But if one wishes to compute, say, an average cost, one needs In 

3i . 



TABLE 1.3 

THE EXTENT OF COST UNDERESTIMATION DUE TO NOT UTILIZING 
THE APPROPRIATE INTEREST RATE IN ANALYZING ONGOING 
INSTRUCTIONAL TECllNOLORY PROJECTS^ 



Cost Underestimate 
Average Cost per Student (In percent) 

(In 1972 U.S. dollars) If r = 0 Is used 
at r =« and true r = 

0% 7.5% 15% 7.5% 15% 



INSTRUCTIONAL TECHNOLOGY 
PROJECT 

Radio-based 



Nicaragua 


3 


.65 


3. 


86 


4.07 


5. 


4 


10.3 


Radiopritnaria 


12 


.63 


13. 


12 


13.72 


3. 


8 


8.0 


Tarahumara 


35 


.94 


42. 


20 


49.34 


14. 


8 


27.2 


Thailand 




.29 




35 


.41 


17. 


1 


29.3 


Television-based 


















El Salvador 


19 


.72 


24. 


35 


29.37 


19. 


0 


32.9 


Stanford ITV 


146 


.60 


159. 


20 


175.10 


7. 


9 


16.3 


Hagerstown 


51 


.54 


54. 


23 


57.78 


5. 


0 


10.8 


Korea 


2 


.76 


3. 


22 


3.74 


14. 


3 


26.2 


Telesecundaria 


23 


.02 


24. 


27 


25.74 


5. 


2 


10.6 



^Cost data are based on the average cost per student reported : 
Chapter III; the year for which the data are relevant is that given 
Chapter III. The El Salvador estimates refer to costing the total 
project. 
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addltlon a value for N , the number of students using the system (and 
of h , the number of programming hours). Not only does the incidence 
of cost vary with time but so does N ; more specifically, in contrast 
to cost, N tends to be low at the outset and large later. Our 
purpose in the next subsection is to examine the effects on unit 
costs of considering explicitly the time structure of utilization. 

4. TREATMENT OF TIME: STUDENT UTILIZATION OVER TIME 

Our purpose in this section is to develop a method for displaying 
the unit costs of an educational investment that takes explicit account 
of the time structure of utilization as well as of costs and that allows 
examination of costs from a number of time perspectives. The question 
of time perspective is important. Before undertaking a project, a 
Minister of Education faces the substantial investment costs required 
to buy equipment, develop programs, and start up the operations; three 
or four years later these costs will have been incurred to a sub- 
stantial extent and the cost picture facing the Minister is very 
different indeed. His initial capital costs are sunk, and except for 
the potential (slight) resale value of his equipment, there is nothing 
to be recovered from abandoning the pro j ect. What is desirable, 
then, is a method for displaying costs from the perspective of a 
decision-maker prior to commitment to a project, one year into the 
project, two years into the project, etc. 

It is also desirable to consider various time horizons for the 
decision-maker. What will the average costs have been if the project 
is abandoned after three years? Allowed to run for 15 years? This 



11 

It may nonetheless be wise to abandon the project— if , to be 
specific, still to be incurred costs exceed the benefits of 
continuing. 



33 

o 

ERIC 



-21- 



12 

suggests the value of looking at average costs as seen from year 1 

of the project with a horizon through year j. We will denote the 

* average cost from i to j ' by the symbol AC^ and define it to 

mean total expenditures on the project between years i and j divided 

by total usage of the project (number of students), with both costs 

and usage discomted back to year i by the social rate of discount, 

r . Let be equal to the total amount spent on the project in 

year i , including fixed and variable costs, tod capital and recurrent 

costs. Let N. be the total number of students served by the project 

14 

in year i . Then AC^ is given by: 
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One could also look a£; total and marginal costs; in our treat- 
ment here we focus on average costs because we feel them to be useful 
in aiding the decision-maker* s intuition, prior to project commitment. 
Expansion decisions should, of course, rely on marginal costs. The 
concept ACy being developed here is implicitly based on the concept 

of a vector valued total cost fvinction, where the dependent variable 
is a vector giving total cost in each time period. The independent 
variables, too, become vectors potentially assuming different values 
at different times- 

It may aid in understanding equation 1.4 below to explain the 
concept of the present value of a cost. Assume that a cost of $4,000 
is to be incurred 8 years from now. The present value of that cost 
is the amount that would have to be put aside now, at interest, to be 
able to pay the $4,000 in 8 years. If the interest rate is 6% and we 

put aside an amount z now, in 8 years we will have z (1.06) = $4,000 , 

or 2 = $4,000/1.06^ . z is the present value of $4,000 8 years^from 
now when the interest rate is 6%; its numerical value is $2,509-65. 
The numerator of equation 1.4 is the present value (viewed from the 
perspective of year i as the 'present*) of all costs incurred between 
years i and j. The denominator is the present value of student utili- 
zation . 

^^It should be noted that the potential for the use of the AC^. 
concept is much greater than would be indicated by the restricted 
definition given here, focussing on average cost per student. For 
example, for instructional technology project evaluation it may be 
as, or more, useful to think of utilization in student hour terms and 
the denominator could be redefined as such. More generally, the 
denominator could be defined in terms of any input or output of any 
production process, and need not only be applied to educational 
evaluation. 
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(1.4) AC = ^ 

j 

2 \ / (1 + r)^"^ 

A declslon-makec at the beginning of i can in no way Influence 
expenditures of student usage before time i 'so that costs and benefits 
incurred up to that time are for his decision irrelevant and are not 
incorporated into AC^^ • What AC^^ tells him is the cost per student 
of continuing the project through year j, under the assumption that 
year j will be the final year of the project. By examining how AC^^ 
behaves as j varies the decision-maker can obtain a feel for how long 
the project must continue for unit costs to fall to the point of making 
the continuation worthwhile. When the decision-maker is considering 
whether the project should be undertaken at all, he should let i = 1 ; ' 
i.e., he should compute AC^^ for various values of j . In these 
considerations ideally the decision-maker should base decisions on 
the value of AC^^ calculated for the j corresponding to the end of 
the project, for his discounting of the future is already taken into 
account by equation 1.4. In the real world, however, there is a pos- 
sibility that the project will be terminated prior to its planned 
end, and it is thus of value to the decision-maker to see how many 
years it takes AC^^ to drop to a reasonable value and how many years 
more before it stabilizes to an asymptotic level. Clearly projections 
such as these rest on planned costs and utilization rates. 

At this point it may be of value to- include a brief example to 
illiistrate the concepts: in Chapter III and in the case studies we 
will apply this method of analysis to cost data from a number of 
actual instructional technology projects. In our example we assume 
a project life of 6 years. In year 1 a $1,000 investment is made 
and no students use the system. In years 2 through 6 costs of $250 
per year are incurred and 50 students per year use the system. 
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Table 1.4 shows and for each of the 6 years of the project 

and Table 1.5 shows AC^j mder the assxnnption that the social rate 
of discount is 7.5%. 

We should make a few comments about the values of ^^^j 
Table 1.5. First, there are no entries in the lower left; this is 
natural because the horizon (j) must be at least as far into the 
future as the time from which it is viewed (i) . Second, for values 
of i greater than or equal to 2, AC^^ is uniformly $5.00 $250/ 
50). This is because the only capital cost is incurred in period 1 
and from period 2 on, future costs and utilization are discounted 
to the present in the same proportion. (It is natural, once the 
capital cost is incurred, that the decision-maker view the unit cost 
as $5.00 from that time on.) Third, is infinite: because 

costs have been incurred and no students have used the system, the 
unit cost becomes indefinitely large. Fourth, in this example the 
interesting numbers occur in row 1. As the time recedes further into 
the future, the unit costs are spread over more students reducing ^^^j • 
if the project had a long enough life, AC^^j would become closer anu 
closer to $5.00 as j got larger. AC^^j shows how the average cost 
behavior of the project looks prior to its initiation, and the value 
of ACj^j (for j near the project lifetime value) should be Important 
in determining whether to proceed. 

The AC^j estimate, like that of the average cost per student 
based on an annualized cost function, is also quite sensitive to the 
social rate of discount chosen. In fact, not taking account of social 
time preference (that is, utilizing a zero discount rate) usually under- 
states the AC^j mea^sure by an even greater amount than that indicated 
for the annualized specific year, average cost measure which we 
discussed. 

It is the authors' opinion that the AC^^ cost concept is a 
much more meaningful summary cost measure than that provided by 
calculating the average cost per student from an annualized cost 
function, based on student utilization in one particular year. The 
latter figure merely gives a snapshot picture of project efficiency 
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TABLE 1.4 
EXAMPLE COST AND STUDENT USAGE 



Year 1 


\,in 




1 


1000 


0 

• 


2 


250 


50 


3 


250 


50 


4 


250 


50 


5 


250 


50 


6 


250 


50 
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TABLE 1.5 
EXAMPLE VALUES OF AC 



Horizon Year j 



Year 1 


1 


2 


3 


4 


5 


6 


1 




26.46 


16.14 


12.69 


10.97 


9.95 


2 




5.00 


5.00 


5.00 


5.00 


5.00 


3 






5.00 


5.00 


5.00 


5.00 


4 








5.00 


5.00 


5.00 


5 










5.00 


5.00 


6 












5.00 
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(in a cost sense) at one point in time, while the AC^^ measure 
captures both the history and projected plans for the particular project 
under consideration. In effect, an average cost per student figure 
is a very rough cost-effectiveness ratio that tells an analyst the 
resource costs of giving an individual a year's education (of given 
quality); it would seem to make good sense to evaluate this particular 
aspect of the cost-effectiveness of a project over the project life- 
time, and not for any particular year. Nevertheless, since most 
previous analysis uses an average cost figure, based on an annual- 
ized cost function, we will also present such calculations for 
selected years for the case studies presented In Chapter III and 
Part Three of this report; wherever sufficient cost data are 
available, we will also present estimates of the AC^'s . 

It should be noted that in the absence of perfect markets there is 
no necessary reason to choose the same interest rate for discounting 
both costs and students, as was done in equation 1.4 above. It is 
entirely possible that the rate of time preference relating to students 
receiving an education and that associated with resource investments 
may be different, although in the absence of a specific notion of what 
this discount rate difference may be, the same rate will be applied to 
both resources and students in the analysis of instruction of technology 
costs in Chapter III and the case studies. It is interesting to observe 
that in an entirely separate effort. Levin (1974) also suggests the use 
of a cost concept which takes into account system utilization over time, 
and which additionally would discount this utilization stream by an 
appropriate discount rate; in essence, his suggestion amounts to a 
general description of the type of AC^^ concept we have developed 
and presented above. 

5. COST TRADEOFFS 

A slightly different, but related, notion of cost than that used 
above is that of opportunity cost . The opportunity cost of a choice 
from among a limited set of alternatives is the value to the decision- 
maker (or to the society) of what he or she turned down in order to 
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be able to choose what he or she did. In a competitive market 
economy the price of goods and services is one measure of the 
opportunity cost, as the price of that item both reflects what the 
user of the item gives up, since the money allocated to that item 
could have been spent elsewhere, and reflects the cost to the 
economy of utilizing its resources to produce that item, resources 
that could have been productive in other endeavors (see Section 1 
of the following chapter for a discussion of some circumstances in 
which this latter connection may not hold, that is, when the price 
of a goods or service may not reflect its opportunity cost to the 
economy). However, it is often useful, within a constrained choice 
situation, to examine the opportunity cost of an activity in non- 
price terms, as measured by the activity, or physical resources, that 
are given up through following a particular choice. If, for example, 
the superintendent tells a principal that he can have either two 
new teachers or a science laboratory and the principal chooses the 
teachers, the opportunity cost to him of the teachers was a science 
laboratory. This section briefly discusses the means for examining 
such relationships, within the context of instructional technology 
system choices. 

If a school system's per student expenditure is constrained by 
a fixed budget, then having more of any one thing implies there must 
be less of something, else. For this reason, it may be useful to 
a decision-maker to see explicitly what these opportunity costs are 
for certain Important categories of alternatives. Since the largest 
expenditure category for schools is presently teacher salaries, we 
will examine the opportunity cost of introducing something new (for 
example, instructional television or radio) under the assumption that 
its opportunity cost is less teacher input. Let S be the student to 
teacher ratio (this is not necessarily the same as class size; it 
also depends on the relative amount of time students and teachers 
spend in school) before the technology is introduced, and let W 
be the teacher's annual wage. Let A equal the average annual cost 
of the technology and let I be the increase in class size required 
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to make the posttechnology per student Instructional cost equal to 
R times the pretechnology instructional cost of W/S . Neglecting 
the minor Influence of changes In S on A , the posttechnology 
Instructional cost equals [W + A (S + I)]/(S + I) and the following 
must hold: 

W/S =» R[W + A (S + I)]/(S + I) . 

To find the Increase in student to teacher ratio required to pay for 
the Introduction of the technology, the above equation Is solved for 
I giving : 

(1.5) I = [SW(l-R) + AS^R] / [W - ASR] . 

I represents, then, the opportunity cost of introducing a 
technology in terms of increased student to teacher ratio. Under the 
assumption that per student costs remain unchanged, i.e., R = 1 , 
Table 1.6 shows values of I for several values of A and W , and 
for values of S equal to 25 and 40. If, for example, S =• 25, W = 
$1,500, A - $9.00, and R = 1 Table 1.6 shows that I = 4.41; that is, the 
student to teacher ratio after technology is ijitroduced equals 29.41. 
While the formula of equation 1.5 was developed for expressing the 
opportunity cost of Introducing a technology in terms of student to 
teacher ratio, similar formulas could be developed between other pairs 
of inputs. All such formulas would essentially represent ways of 
analytically evaluating the tradeoffs within a fixed buget constraint. 



6. SUMMARY 



We began this chapter by presenting a brief overview of the cost 
analysis process and discussing some of the more important aspects of 
the collection and organization of cost data. Again we would like 
to stress the necessity for a great deal of care to be exercised in 
this initial stage of the cost analysis procedure for without carefully 
acquired data even the best methodological analysis is of quite limited 
value. 
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TABLE 1.6 

INCREASE IN STUDENT TO TEACHER RATIO REQUIRED TO FINANCE TECHNOLOGY' 





A 




W » Teacher Annual Wage 




$750 


$1500 


$2250 


$3000 


S » 25 






• 








$ 1.80 


1.60 


0.77 


0.51 


0.38 




$ 4.50 


4.41 


2.03 


1.32 


0.97 




$ 9.00 


10.71 


4.41 


2.78 


2.03 




$18.00 


37.50 


10.71 


6.25 


4.41 


S'' - 40 














$ 1.80 


4.25 


2.02 


1.32 


.98 




$ 4.50 


12.63 


5.45 


3.48 


2.55 




$ 9.00 


36.92 


12.63 


7.62 


5.45 




$18.00 




36.92 


15.24 


12.63 



^This table shows the increase in average student to teacher ratio 
that is required if per student instructional costs (teacher cost plus 
technology cost) is to remain unchanged after a technology costing A 
dollars per student per year is introduced into the system. The values 
of A chosen reflect costs per student per day of $.01, $.025, $.05, 
and $.10 if the school year is 180 days. 

is the value of the student to teacher ratio before the 
technology is introduced. 
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We began the discussion of cost analysis methodology In Section 2 
by defining a total cost function and the related concepts of average 
cost function and marginal cost function. We then examined the 
special case when costs can be separated Into fixed and variable. 
To apply these concepts to real world data, It is necessary to 
annualize capital costs in a way that appropriately accounts for 
depreciation and the social rate of discount. Section 3 described 
the method for doing this and observed that most prior treatments 
of educational technology costs failed to annualize capital costs 
properly. The annualized capital costs, plus values for recurrent 
costs, give the parameters F (fixed), (variable with the number of 

students, N ) , and (variable with the number of programming hours 

broadcast, h ) , in the simplified total cost function TC(N,h) = F + 

^h^ ' '^^ obtain average or unit costs per student, one also 
needs a value of N (and h ). In any one year, say year j, the 

appropriate average cost per student for that year is (F + V h ) / 

h j 

\ where Nj is the number of students using the system and 
h. is the number of programming hours broadcast in year j. Since 
N is typically zero or very low for the first few years of the project, 
aixd then rises, the use of a (high) value of N from late in the 
project to compute average costs is misleading. It will tend to 
understate the average costs that have actually been Incurred over 
the life of the project^ even though the estimated values of F , 
md might give an adequate picture of the cost function. 

To avoid this difficulty, we suggested a method in Section 4 
for displaying the 'average cost from 1 to j», that is, the total 
present value of costs incurred from time 1 through time j divided 
by total present value of system usage in that time interval. We 
used the symbol AC^j to denote the average cost from 1 to j when 
costs and usage are properly discounted. Use of AC^^ gives a more 
accurate picture of average costs than does simply inserting a value 
of N from late in the life of the project into the average cost 
equation. The AC^ 's also enable a decision-maker to see clearly 
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the structure of his future unit costs after he has committed himself 
to capital acquisitions; this annualized costs are unable to do. 
The additional usefulness of the AC^^^s comes with a price, namely, 
much more information is required to obtain them. One needs a 
detailed time pattern of expenditure and utilization (either actual 
or projected) to compute values of AC^ . 

To this point we considered the costs of resources in terms of 
their monetary value. In Section 5 we introduced the notion of 
opportunity cost and presented an example of how this concept allows 
examination of the implications of a decision, from among a set of 
limited alternatives, in terms of the very real tradeoffs that that 
decision may imply. In particular, we looked at how the *cost^ of 
introducing an educational innovation might be considered in terms of 
the increased class size that would be required to maintain expenditures 
at the same level (or some multiple or fraction of that level) as 
before the innovation. In many instances such analysis of the 
concrete tradeoffs involved in a decision may be more useful to 
some decision-makers than an examination of the monetary costs of the 
decision. The opportunity cost analysis could easily be extended to 
include more than tradeoffs between class size and technology costs; 
tradeoffs among other variables can also be examined. 

In conclusion, this chapter presents- the essential concepts and 
methods necessary to a proper cost analysis for educational planning 
and evaluation purposes. In the following chapter we will treat some 
special problems of which the cost analyst must be cognizant when 
undertaking a study of educational costs. 
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CHAPTER II 
COST ANALYSIS: SPECIAL PROBLEMS 

Although the basic methodology for the analysis of educational 
system costs has been presented in the previous chapter, it is iniportant 
to realize that a cost analysis is not necessarily a straightforward 
programmable task. In many ways such an analysis is an art, not a 
science, that requires ingenuity, as well as expertise and careful 
thought. In this chapter we examine some special problems related 
to cost analysis that should give the reader an idea of why this is 
so and of what some of the more important judgmental aspects are. 
Section 1 looks at the question of shadow prices for certain inputs, 
explaining why prices may be an inadequate estimate of true economic 
costs in some instances; Section 2 briefly examines the relationship 
of the project planner and the project manager with regard to cost 
analysis; Section 3 discusses some of the more serious problems related 
to errors in cost estimation; Section 4 raises some of the problems 
of system finance that relate to an analysis of costs; and finally. 
Section 5 summarizes and concludes. 

1. TREATMENT OF SHADOW PRICES 

When analyzing the costs of project resources, it is most common 
to use the prices of these various resources as a measure of their 
value. Prices, however, do not always reflect the true economic value 
of a resource. In a sense, we have already seen this in the case of 
expenditures on capital resources. If a piece of capital equipment 
with a lifetime of ten years is purchased for a project for $1000, 
the real economic cost In annual terms is not $100 a year, but is a 
somewhat higher figure that reflects the opportunities lost for 
utilizing that Initial $1000 over a ten-year period. In econoraics 
the true cost of a resource is sometl^pes termed its shadow pric e. 
Economists consider the true cost of a resource to society (its 
shadow price) to be the opportunity cost of that resource, that is, 
the value that resource would have in its best alternative use. 
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This shadow price may or may not be equal to the market price of the 
resource.''" In the previous chapter we have, in effect, estimated the 
shadow price of capital equipment investment through utilization of 
an appropriate social rate of discount. 

In most circumstances it is difficult to determine whether the 
market price of any given resource represents its true economic value 
to the society. One means economists use to obtain shadow price 
estimates is the development of optimization models of the whole 
economy, or certain sectors of it, usually through the use of linear 
programming techniques. Generating solutions for these ofttlmes 
complex models will yield shadow price estimates for the resources 
specified in the model; these shadow prices can be compared with the 
appropriate market prices to see the extent to which the latter reflect 



The shadow price concept is closely related to the opportunity 
cost concept developed In the previous chapter, considering opportunity 
cost in the sense of the true cost of a resource to the economy as a 
whole (not in terms of costs in a narrower context, for example, the 
opportunity costs to a particular decision-maker, as considered in 
Chapter I). Although In the discussion above, we are considering 
opportunity costs to the economy (i.e., shadow prices) for resources . 
that do have a market price, the concept is also Important for resources 
that do not have an explicit price. For example, although the costs of 
student time in an educational system are usually not priced, they do 
represent an opportunity cost both to the Individual student and to the 
society in terms of the income the student foregoes by participating in 
the educational program and the consequent employment productivity of 
that student that the society foregoes. Likewise, resources which are 
contributed to an educational program (for example, facilities, people *s 
time) represent a real cost to the economy to the extent that they have 
alternative uses which are valued. In any comparison of alternative 
courses of action these costs should be explicitly estimated, as well 
as possible, and Included In the examination of the differences in costs 
between the options being considered. In the cost analysis presented 
In Chapter III and the case studies, this dimension of costs will be 
considered only to the extent that they contribute to the production, 
distribution, and reception costs of the particular Instructional radio 
or television system (for example. In the Mexican Telesecundaria Case 
Study, donated reception and transmission facilities are costed) . It 
should be noted that consideration of the opportunity costs of student 
time can often make an Instructional technology system more attractive 
(especially a distance learning system) if it uses less student time 
than does a traditional system, and if the student's time has alternative 
productive value. 
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the true economic value of any particular resource. (See Goreux and 
Manne (1973) for a discussion and application to the Mexican economy, 
and Bowles (1969) for a specific application to educational planning 
in Nigeria.) Unfortunately, the extent to which we can adequately 
model the complex interactions of a country's economy is still quite 
limited. Nonetheless, it is possible to make rather simple observa- 
tions that could give a planner a reasonable idea of the relationship 
between a resource's market price and shadow price; this could have 
substantial practical Implications for the initiation of an instruc- 
tional technology project. Below we will examine these implications 
in terms of two resources that can significantly affect the evaluation 
of an instructional technology project: teachers and foreign exchange. 



Teacher Prices 

In a market-based economy, the price the market sets on a resource 

will equal the shadow price of that resource only if the market is 

in equilibrium. If there is a surplus of a particular resource, say 

teachers, then the price charged in the market, in this case the teacher's 

salary, is an overestimate of the true cost to the economy of employing 

2 

an individual as a teacher. Given this situation, if one used the 



One way of seeing why this is so is to realize that the existence • 
of a teacher surplus generally Implies that the alternative employment 
opportunities for prospective teachers are at lower wages than those 
offered to teachers; if not, teachers would take other positions and a 
surplus would no longer exist. Thus, the opportunity cost to the economy, 
which is the real definition of a shadow price, of employing an indi- 
vidual as a teacher is necessarily lower than the teacher's wage. It 
should be noted that the reasoning above Implies two assumptions: first, 
that wages reflect marginal productivity, for if such were not the case, 
it would not make sense to talk of someone's alternative wage as the 
opportunity cost to the economy; and second, that individuals are by 
and large income maximizers, for if this were not the case there might, 
for example, be a surplus of teachers even if their alternative wage 
was higher than that offered to teachers — if these assumptions do 
not hold, the existence of a surplus (or shortage) does not give us 
any information on the relationship of market price to shadow price 
since it would be possible to have a teacher surplus with a market 
price lower than the shadow price. 



o 47 

ERIC 



market price of teachers in comparing the cost of an instructional 
technology system to that of a traditional direct teaching system, 
where the latter is more labor-intensive (that is, utilizes more or 
better paid teachers) , one would be showing the instructional 
technology project in a more favorable light than is actually the 
case; that is, actually, the true economic cost to society of using the 
direct teaching system is less than calctilated, given a teacher 
surplus situation. 

The reverse would be true if there were a teacher shortage. The 
salaries paid to teachers would be an underestimate of their true 
economic value, and therefore the same project comparison would make 
the instructional technology system less favorable than the situation 
warranted. In some respects, educational planners may take this into 
account in an intuitive way when, for example, they reason that given 
a teacher surplus, they should make more extensive use of the traditional 
system, as opposed to initiating'an instructional technology project, 
or when they reason conversely in the case of a teacher shortage. It 
is interesting to note that since many developing countries face teacher 
surpluses in urban areas and teacher shortages in rural areas, instruc- 
tional technology projects are less attractive in the former regions 
and even more attractive in the latter than a cost comparison based 
on market prices would indicate. 

It is important to point out that the analysis above has significant 
equity implications. Despite the fact that the market price may not 
reflect true economic costs to the society of a particular resource, 
the market price is what is paid for the resource. This means that 
in the case of a surplus, teachers are being paid more than their 
economic value to society, and given a fixed economic pie at any given 
point in time, this implies that other individuals are receiving less 
than they deserve. The converse is true in a teacher shortage situation; 
in this case teachers are paid less than their economic value to society. 
In both instances serious questions of fairness are raised. 

The use of shadow prices as opposed to market prices is not without 
distributional consequences as well, despite its being the best figure 
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for economic efficiency considerations. For example, given a teacher 
surplus situation which would reflect an artificially Inflated teacher 
wage rate, perhaps due to xinlon pressure or government flat, one 
might reasonably decide to expand the direct teaching system, as 
opposed to utilizing an equally effective, equally costly (in market 
price terms) , instructional technology system. This would be the 
proper move in terms of economic efficiency, since if the technology 
system was equally, or even slightly more, costly in terms of market 
price as the direct teaching system, the latter would have a lower 
true economic cost than the former since the teachers' market price 
is greater than their shadow price in a surplus situation. However, 
this would mean expanding the number of teachers hired, and this in 
turn means paying even more individuals than previously a wage rate 
greater than their true economic value to society, and consequently, 
given a fixed economic pie, paying others in the system less than they 
merit . 

Foreign Currency Prices 

Similar problems are encotintered in examining another 'resource', 
quite significant in instructional technology projects, namely, foreign 
currency. Many such projects are capital intensive, and moreover, the 
capital products utilized may not be produced within the nation 
developing the project, but must be purchased on the world market. 
Thus instructional projects are often more foreign exchange intensive 
than traditional direct teaching systems. The question then arises as 
to what is the true cost to the country's economy of purchasing goods 
on the international market. 

Again, normally the view taken in costing projects is that the 
'price' of foreign currency, reflected in the market exchange rate, 
is the appropriate means for translating imported resources into value 
terms. However, the market for foreign currency, like that for any 
other resource (for example, teachers, as discussed above) may not be 
in equilibrium; in such cases the market price of foreign currency will 
not be equal to its shadow price, which is its true cost to the economy. 
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Suppose a country's currency is overvalued on the world market; an 
indication that this may be so is the existence of a 'black market ' for 
currency, as in India, where one can obtain a higher exchange rate 
than the official rate for foreign currency. In such a case there is 
a shortage of foreign currency in the country, usually accompanied by 
government rationing of it. The official exchange rate is thus lower 
than it should be to represent the true economic value of foreign 
currency to the economy. In such a case, a relatively foreign exchange 
intensive instructional technology project will appear less expensive 
than it really is to the economy, if one simply uses the official 
exchange rate to cost Imported resources. The reverse would be true 
if the official exchange rate were pegged too high. 

Again, it must be recognized that fixing an. exchange rate at a 
different level than the market would warrant has income distribution 
consequences, in addition to the economic efficiency considerations 
discussed above. When the exchange rate is pegged too low, the govern- 
ment is, in effect, subsidizing those importers to whom it allocates 
the right to purchase foreign exchange. 

Resource Taxes 

Taxes should also be mentioned in this section since they, like 
deviation of actual from shadow prices, also cause the apparent price 
of a resource to differ from its actual price to the economy. This 
occurs when the country in which a project is based places a tax — ^be 
it an import tax, a consumption tax or any other tjrpe — on the resource 
we are concerned with. The true economic cost of that resource to 
the nation is the price before taxes, assuming the market for the 
resource is approximately in equilibrium, and therefore the shadow 
price problems discussed earlier do not apply. The tax amounts to a 
redistribution of resources within the country, from the person or 
agency paying the tax to those who receive it. This has great significance 
for most instructional technology projects, which often utilize heavily 
taxed capital goods, especially^ imported ones, though a Ministry of 
Education may well have to pay the tax out of its budget to utilize a 
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taxed resource. Nonetheless, the true economic costs that should be 
used In the project evaluation are those based on resource prices 
before taxes. 

Dlscussj.on 

In the analysis of the costs of ongoing technology projects and 
project planning that follows this chapter, we unfortunately do not 
incorporate most of the points raised in this section. This should 
not be construed as indicating that these points are merely esoteric 
considerations that have no practical value in project planning. 
Usually information available to project evaluators, especially those 
from another country, is insufficiently detailed to allow any precise 
estimate of the extent to which shadow prices of resources may differ 
from market prices. However, to the project planner in a country, 
such estimates are possible, even if only on an intuitive level, and 
need to be taken into account in a comparative evaluation of alter- 
native instructional strategies. It is probably beyond the power of 
most of these individuals to act to make the market price more truly 
reflect economic value for example, by changing the wage offered to 
teachers or by influencing decisions on foreign currency exchange 
rates, but they still may make relative project evaluations based on 
true economic costs, making judgments as to the extent of disequilibrium 
in the market for any particular resource. 

2. COST ANALYSIS FOR THE PROJECT PLANNER 
VERSUS THE PROJECT MANAGER 

A distinction may be made between a project planner and a project 
manager. The project planner is considered to be an individual working 
at a sufficiently high level that he or she evaluates projects in their 
entirety, based on the true economic costs of the project (as well as 
their effects and benefits). The project manager is considered to be 
an individual who is working in an operational setting, and who manages 
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the project in terms of budget, cash flow, and internal resource 
allocation considerations. 

One problem is obvious from the definitional distinction made 
between these two type^- of individual — evaluations of alternative 
instructional straC'i^gies made by the manager will not necessarily be 
the optimal ones in terms of the society as a whole. Examples of this 
problem are probably familiar to most observers of instructional 
technology projects (or any other large system, for that matter); For 
instance, in the Ivory Coast, which is instituting an extensive 
instructional television system at the primary school level 
many areas are' without electricity and thus rely on a rather 
expensive battery system to power the television receivers. There 
has been a number of reports that localities with available mainline 
current still utilize the much more expensive battery power source, 
simply because batteries are supplied at no cost to the schools by the 
project's central administration, while electricity charges for the use 
of mainline current come out of the school's budget. 

There appear to be two primary strategies for resolving this type 
of difficulty. The first would be to take all such evaluational 
decisions out of the hands of the manager, and leave them to the planner 
and his or her associates. This approach is totally impractical in that 
it requires too much work for-. the planning office, and often leads to 
frustration on the part of the project manager who wants to have a 
responsible, decision-making position. Further, the project manager 
usually has a much greater awareness of the specifics of any particular 
situation than does the planner, and thus may have a better knowledge 
base on which to make a decision. 

The second, and probably more sensible, strategy to handle this 
problem is for the planner to attempt to structure the budgetary 
Incentives in such a way that the project manager is induced to make 
optimal decisions. This is obviously somewhat complicated :• to do. 
Nevertheless, from the Ivory Coast example given above we see that 
it is not simply a two-level dilemma, but that the planner and 
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manager distinction is a relative one — at each level the decision-maker 
must properly structure the incentives for those to whom he or she 
delegates decision-making power. This type of solution has worked 
to some extent in many private sector businesses; in fact, there is some 
literature in the operations research, systems analysis, and business 
management areas dealing with how to structure such incentives in a 
variety of situations. 

It should be stressed that although it may be quite difficult 
to structure the constraints on lower level decision-makers so that 
they always choose optimally, much can be accomplished by education 
and open communications between higher and lower level decision-makers. 
Sometimes individuals make poor choices because they are unaware of the 
proper considerations in project evaluation decisions. Sometimes too, 
individuals make a poor choice knowing that their choice is a poor 
one from a higher level perspective, but make it anyway because thay 
see that the success crtieria for their positions are structured to 
make that poor choice accord with their own personal interests. In 
the latter case it may well be that individuals would go to higher level 
management and explain why they think the incentives should be structured 



The project planner versus manager distinction is applicable to the 
discussion of shadow price in the previous section in the sense that a 
person in the planning ministry would want to encourage an educational 
project manager to use the true economic costs (shadow price) of resources 
in comparing and evaluating competing alternatives, even though it is 
the actual market price for the particular resource that would usually 
be paid from the manager's budget. Similarly, the distinction is relevant 
to some aspects of the finance discussion in the following section; many 
instructional technology projects in developing nations are subsidized 
to some extent by foreign governments or foreign aid agencies and these 
external agents should ideally structure incentives to encourage the 
project manager to consider alternatives from the perspective of total 
world costs, that is, not just from the perspective of costs incurred 
by the nation in whicl. the project is being developed. 
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differently in order for them to make better decisions, if they 
believed that those above them would be responsive to their suggestions. 
In the former case, the education of lower level management concerning 
the best way to conceive of costs, effects, and benefits, might aid 
substantially in generating better decisions. 

This report is chiefly concerned with cost analysis for the project 
planner; the primary consideration in this chapter, and in those that 
follow, is the determination of the true economic costs of the project 
to be used for rational project evaluation. Nonetheless, as implied 
by the abcre discussion, the actual decision-making structure of any 
particular project deserves careful attention. It is insufficient for 
the project planner to choose to implement the best alternative instruc- 
tional strategy if, once that project is initiated, the decision-making 
environment that the project manager operates in consistently encourages 
him or her to make suboptimal decisions. 

3. ERRORS IN COST ESTIMATION 

In undertaking a cost analysis one must be aware not only of the 
correct methodological approach, but also of sources of errors — and 
their potential magnitude — in cost estimation. In this section we 
take a brief look at the types of errors that commonly pose problems 
to a cost analysis of an instructional technology system and at what 
can be done to minimize them. 

At the outset, it is useful to distinguish between two types of 
cost analyses: historical cost analyses, which" examine the paa't, 
already incurred, costs of a system, and projected cost analyses, 
which develop estimates of future system costs. Most cost studies 
involve both types of analysis, following a succession of steps; 
first, the historical costs of a system are studied, second, the 
historical relationship between these costs and the system variables 
that influence them is specified, and third, future system costs are 
projected based on h)rpotheses concerning the future configuration of 
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cost-influencing system variables. The potential sources for error may 
be different at each step in the cost analysis. 

A potentially major source of error is encountered initially in 
attempting to put together existl g cost data that will give an 
accurate historical portrait of system costs. In all likelihood it 
is not that the cost data available are incorrect, although this is 
possible, but that the available cost Information is, in a sense, 
disguised. Levin (1975), in an excellent article on cost-effectiveness 
evaluation in general, points out that the collection of cost data 
relevant to evaluation is rarely built into a project. Cost infor- 
mation systems, if they even exist, are usually designed for accounting 
and managerial control purposes, and the expense categories utilized 
are often quite different from the functional classification needed 
for system evaluation. Many significant costs of the total system 
may not even be included in the project's budget; in the case of an 
instructional technology system, relevant system costs may be borne 
by foreign governments or international aid agencies, by other 
ministries within the country (such as those responsible for radio 
and television communications) , by other departments within the 
education ministry (especially some of the central administration 
costs), or by other sectors of the economy or private individuals (as 
in the case of ' donated ' transmission time , facilities , or the effort s 
of individuals). Furthermore, even when good cost information systems 
exist, they are frequently subject to change over time, may not be 
comparable with other cost data collection systems that contain cost 
Information relevant to the project evaluation, and always need to 
be corrected for inflation Induced changes in prices that do not 
reflect changes in real costs. Even the most expert cost analyst 
will find that he or she has to spend a great deal of time in making 
adjustments to the cost data available to correct for the data 
deficiencies mentioned above. As Fisher (1971, p. 143) suggests 
In a very thorough discussion of cost analysis applied to national 



55 



-43- 



defense systems, "what is required is ingenuity, persistence, and just 
4 

plain hard work." 

A problem related to those discussed above enters in the second 
step of the cost analysis in which the analyst develops the relationship 
between the historical costs of the system and those characteristics 
of the system that affected the magnitude of the costs incurred. In 
an instructional technology system such variables woxild include the 
number of students served by the system, the number of hours of 
programming produced annually, the number of hours broadcast annually, 
the lifetime of instructional programs, the geographical area covered, 
the power source used for television receivers, etc. (see Chapter IV 
for a fuller discussion of these variables and their relationship to 
system costs). Fisher (1971, 131) points out the data collection 
problem aspect of this endeavor, in that 

...the analyst must not only collect historical cost data 
in the right format • He [sic] must also obtain information 
on quantities, physical and performance characteristics, 
activity rates, ^nd other types of cost-generating variables — 
all of which m»st be mat:che<3 specifically to the cost data 
points. 

SometlnBes this is difficult because information on 
the cost-gemeratlng variables mmst be extracted from 
different sets of records than taiose containing the cost 
data. And cMffering sets of records are often compiled 
on different principles* . 

Further, even with an accurate matching of historical costs to the 
relevant cost-generating system, characteristics, the estimated 
relationship between the two is necessarily an approximation, and is 
thus subject to error. 

The final step of the cost analysis process will not only reflect 
(and perhaps magnify) the errors associated with the prior stages of 
the analysis, but may also introduce new, and probably greater, errors 
into the study. The essential problem faced Is the obvious one — 



Fisher (1971, p. 142) estimates that even under the best 
clrciimstances cost analysts must "spend at least half their time 
struggling with the data problem." 
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future projections of any sort are fraught with uncertainty. The first 
part of this third step involves projecting the levels of those cost- 
influencing system variables that will be required for the system to 
function, according to the present plans for the future shape of the 
system. To the extent that these plans for the future are modified, 
or are subject to error, the projections of future costs will be 
inaccurate. Further, many aspects of these plans depend on future 
environmental factors that may not be subject- to control by the project, 
such as the birth rate, the propensity of individuals to take schooling, 
or the availability of instructional and technical personnel. 

Once the required future levels of the cost-influencing variables 
are determined, it is necessary to relate these to future system costs. 
The cost-estimating relationships derived in the second step of the cost 
analysis process usually form the basis for such projections, but again 
there are problems that can lead to erroneous projections. First, there 
is always a danger in extrapolating beyond the range of the historical 
experience, that is, the relationships between system resource require- 
ments (and therefore costs) and the key structural characteristics of 
the system that were observed in the past may not be identical in the 
future. The average relationships that hold in the past are usually 
easier to observe than the marginal ones. Yet it is the marginal 
relationships that are most relevant to future projections in that, 
for example, one needs to know how system resource requirements for 
example, the need for teachers, types of programs, will change in the 
future as students are added to the system. This problem is not usually 
as great for educational systems as it is for manufacturing systems, 
since the configuration of the latter as it expands or contracts may 
be changed to maximize productivity, while in educational systems we 
(perhaps unfortunately) usually determine resource configurations by 
convention or fiat; nonetheless this problem should not be neglected. 

Second, given that one has projected the future levels of cost- 
influencing system variables and has translated these to the physical 
resources required by the system, it is then necessary to convert 
these resource needs to costs. Here enters one of the more serious 
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and difficult, to deal with sources of error, the estimation of the future ' 

prices, in real terms (corrected for inflation), of the resources needed 
for system operation. The costs of technologies are quite difficult 
to project due to innovations and changes in both supply and demand 
conditions. A somewhat more tractable, but nonetheless difficult 
task, is to estimate accurately the salaries (again, in real terms) 
of personnel, such as teachers. Historical trends, though far from 
Infallible, may serve as a guide. ^ 

We have seen that there appears to be significant potential for 
errors at all stages in the cost analysis. A final point that should 
be made relevant to sources of error concerns a usually overlooked, 
but valid, criticism levied by Camoy and Levin (1975) in an article 
that specifically focuses on instructional technology system evaluation. 
They refer to the * first law' James Q. Wilson (1973, p. 138) set out 
as applicable to all cases of social science evaluation of public policy, 
namely that "[a] 11 policy interventions in social problems produce the 
intended effect — df the research is carried out by those implementing 
the policy or their friends."^ Camoy and Levin translate this to the 
evaluation of instructional technology systems by pointing out that a 
good many of the authors of such evaluations have close contacts with 
the funding agencies supporting such projects, and "often their evaluations 



It should be noted that in comparing the costs of a relatively capital 
intensive instructional technology system with thbse of a relatively more 
labor intensive traditional educational system, the consideration of 
futuire real price changes, corrected for inflation can be quite important. 
Historically, we have seen the real prices of many technologies fall over 
recent years, while the real wages of teachers have increased; if this 
trend were to continue, as we expect it to, the use of present prices to 
project future costs may seriously overstate the costs of the technology 
system and understate the costs of the traditional system. 

^Camoy and Levin point out the ramifications of the *law' for the 
analysis of instructional technology system effectiveness, as well as 
costs, although the former aspect will not be discussed here. We should 
also mention that Camoy and Levin do explicitly acknowledge the relevance 
of Wilson's (1973, p. 138) 'second law' to their own evaluation, namely 
that "[n]o policy Intervention in social problems produce the intended 
effect — ^if the research is carried out by independent third parties, 
especially those skeptical of the policy." 
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have been sponsored directly by the agencies and personnel who have 
planned, funded, and Implemented the particular educational technology 
that Is being reviewed." They go on to say, that this sort of 
activity often represents the 'dominant profeuslonal concern' of the 
evnluator, and although Camoy and Levin do not equate expertise with 
bias (and do explicitly recognize the advantages Inherent in expertise 
and close associations with a project), they suggest that many such 
evaluators tend to give the 'benefit of the doubt' to the technology 
project; it is not that such evaluators are 'overtly partisan', but 
that in their examination of system costs (and effectiveness), they 
tend to have an implicitly favorable attitude towards the technology 
that causes them to deal with the potential sources for error discussed 
previously in such a way as to understate the true costs of the 
technology system.^ t 

Despite the knowledge available or the potential sources for error 
in cost analysis, as has been discussed above, it is difficult to assess 
the general magnitude of the errors involved, and the relative Importance 
of the various possible sources of error. This is not too surprising 
considering that resources are usually devoted to only one cost analysis 
of any particular system, and detailed cost analyses are a relatively 
recent addition to instructional technology system evaluation, so that 
different cost studies of the same system are not available to compare, 
nor has sufficient time elapsed to examine the accuracy of recently 
made cost projections for the few projects for which they are available. 
Nonetheless, costing experience in other areas, such as defense systems, 
vrtilch has been more closely studied, provides some approximate guides. 

Fisher (1971) compares the costs of defense systems made during 
the conceptual phase of development with those made of the same system 
at a much later stage of the program. He reports that even after 
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Camoy and Levin's criticism is closely related to a problem that 
is unfortunately too common in cost analyses. It is often politically 
desirable, for example for factions within a Ministry of Education who 
desire to Iniate a particular project, to underestimate the project's 
costs. This problem is also related to the planner-manager discussion 
in the preceding section, and its resolution probably requires some 
restructuring of incentives as discussed previously. 
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adjusting for price level changes, the latter cost estimates are 2 or 3 
times the former, with the ratios for hardware requirements in the later 
evaluations reported by one study ranging from .7 to 7 times the 
estimates made by earlier studies. Jamison (1972) reports that other 
analyses of capital intensive public sector projects in the United 
States indicate cost overruns of initial estimates by factors of 3 
or A. Fisher suggests that as far as the sources of these errors is 
concerned, the misestimation of future system resource requirements 
is 5 to 10 times more Important than mlsspecification of the cost 
estimating relationships. Although Fisher does not believe that bias 
is an important source of error the consistent underestimation of 
system costs lends some credence to Camoy and Levin's commtjnts. Camoy 
(1975) and Camoy and Levin (1975) both provide examples of cost under- 
estimates in instructional technology evaluations that they feel reflect 
the 'benefit of the doubt' type bias. 

The sources of potential error are many and the potential extent 
of Inaccuracy may be significaiit . Unfortunately, there is not much 
detailed advice that can be given to the cost analyst, other than to 
be aware of the possible problems and as Fishsr (1971, p. 157) exhorts: 
"Be careful—use good judgment I" Suggestions to improve cost informa- 
tion collection systems are worthy of serious attention (see, for 
exaopie, Coleman ami Xar/eit (1968)) and more care need« to be given 
tu tying these systems to evaluational needs. One very useful suggcstioti 
often ignored, io to collect and, retain cost information on as dis- 
ai^gregated a basis as possible. Nonetheless the substantial expense of 
a new information system aust be evaluated itself lii terms of whether 
the additional benefits accruing from it are worth the additional costs. 



^Althcugh evidence for the extent of error in the cost analysis of 
instructional technology projects is scarce soma information exists. 
Camoy and Levin (1975) point out thut Speagle's (1972) estimates of 
the costs of the El Salvador project are almost 50% lower than those 
generated in this study (see Chapters ITi and XII) while recent, not 
yet published, evidence suggests thai a detailed cost study done in 
the planning stages of the Ivory Coasf.; ITV project underestimated costs 
by almost 70%. 
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It Is probably a good Idea for the cost analyst of an instructional 
technology system to be conservative, that is, to err on the side of 
overestimation, in costing a new technology system. This is especially 
true given the likelihood we have seen of cost underestimation and 
the probability that the costs of the new technology system will be 
compared to those of a traditional system on which more reliable 
historical cost data exist. The analyst is well advised to engage 
In and report sensitivity analyses of his or her cost estimates, that 
is, the sensitivity of cost estimates to small changes in the various 
assumptions he or she must necessarily make In the analysis. Further, 
it must be realized that cost analyses are perhaps most useful as 
management tools, and as such, should be tied directly to the decision- 
making process, as well as be continually modified and revised in the 
light of new information. 

Finally, we should emphasize that cost analysis is much more subject 
to error, and even irrelevance, if it is considered to be a separate 
component of a project evaluation. Fisher (1971, p. 304) clearly points 
out the dangers of such an approach: 

To be effective, the cost analyst must function as an integral 
part of the systems analysis interdisciplinary study team. 
He must be on hand from the start to help in the difficult 
task of structuring the problem to be analyzed, and to assist 
in the formulation of questions and hypotheses to be examined. 
Only then will his input to the total analytical process be 
relevant. Cost estimates can be relevant only when they 
reflect the consequences of an appropriately defined decision 
or choice. 

It may be surprising to many that such care needs to be taken in what 
is often considered one of the most straightforward aspects of a 
project's evaluation and management. However, it should be evident 
from this discussion that in many respects cost analysis is more an 
art than a science and needs to be undertaken in this light. 
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4. PROBLEMS OF FINANCE 

A conceptually separate Issue from that of the aggregate level of, 
and uses for, a project's resources, which are reflected In cost 
functions. Is that of who bears the costs. This Is the problem of 
project finance. For major education projects the following broad 
categories Include most potential sources of finance: 

multilateral and bilateral International donor agencies, 

central governments 

local governments and conmtmltles, and 

students and their families. 
Understanding the sources of finance of ongoing projects and 
planning finances carefully for future projects, are -important for at 
least three reasons. First, projects must cover their costs; the 
question of which project configurations are, and which are not, 
financially feasible is an Important one. Second, the structure of 
the financing will affect project development and utilization through 
its incentive effects. If, for example, an international donor agency 
will finance only capital equipment, local project managers may have a 
strong incentive to design a more csipital-lntenslve project than 
prevailing prices would indicate to be optimal. Or, to take a second 
example, if a central government requires that local communities or 
students bear a large fraction of the costs (in money or in kind) , 
they can expect that utilization will be lower than if the central 
government provided more subsidy. This may be desirable or undesirable; 
the point is simply that these incentive effects are apt to be there 
and, perhaps, to be strong. Finally, the financing structure will have - 
Important Implications for the Income distributional effects of a 
project. The overall distributional Impact of the project will be 
determined by the answers to the two questions: Who benefits? Who pays? 
Study of system finance can provide an answer to the second of these 
distributional questions. 

Evaluations of the funding sources, motivational impact, and 
distributional Impact of major educational projects have, to the 
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authors' knowledge, rarely been undertaken. We feel that further 
research along these lines has high priority in light of the increased 
concern on the part of a number of governments and lending organizations, 
for example, the World Bank and the Agency for International Development, 
for distributional questions. We offer, however, a number of tentative 
obseirvations on the matter of finance. 

1. The typical terms of repayment for loans from an international 
donor agency entail a substantial grant component. By grant component 
we mean the difference between the value of the loan received and 

Q 

the value of the repayment stream required to pay back the loan. 

In order to calculate the grant value of a loan, one must calculate 
the value of the repayment stream. This requires knowledge of the 
precise terms of the loan and of an annual discounting factor to 
convert future repa3nnents into their 'present' value so they can be 
compared to the loan. This annual discounting factor is the sum of 
two components — the rate of inflation of the currency in which the loan 
must be repaid and the social discount rate of the recipient country. 
The rate of inflation of the repayment currency is clearly important; 
the more rapidly the currency inflates, the lower will be the real 
value of future repayments. This is exactly analogous to a homeowner's 
repayment of a mortgage; his or her payments are fixed in, say, dollar 
terms and if the dollar is inflating then the real value of his payments 
decreases and hence he or she benefits. The social discount rate for 
a country is a planning concept that allows comparison of (inflation- 
adjusted) resources at the present with resources in the future. 
Most individuals (and countries) have positive social discount rates; 
that is, they prefer resources now rather than in the future. A 
country with a social discount rate of 10% would be indifferent 
between $1,000,000 now and $1,100,000 one year from now, asstmilng no 
inflation. For the purpose of computing the grant component of a loan, 
a discounting factor of at least 8% should be used to reflect a minimal 



We neglect in this discussion the loss in purchasing power that 
may result from a loan's being tied to purchases in the lending cotmtry. 
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inflation rate for hard currencies; typical values of social discount 
rates could take the discounting factor to a level of 15% or more. 

In Table II. 1 we show how the grant component of a loan varies 
with the annual discounting factor for loans with repayment terms 
customarily used by the U. S. Agency for International Development. 
Footnote a of the table states these terms. At a minimal discounting 
factor of 7.5% (reflecting only inflation, and probably a low estimate 
for that), Table II. 1 shows that the grant component of an AID loan is 
57%; if the discounting factor is 15%, the grant component is 82%. 
Another way of putting this is that if the discounting factor is 15%, 
the recipient country would be indifferent between receiving a loan on 
the AID terms and receiving an outright grant whose value was 82% of 
the value of the loan. 

The grant component of these AID and other, similar, international 
development loans is thus quite high; exactly how high is determined by 
the (uncertain) inflation rate of the repayment currency and the 
recipient country's social rate of discount. 

2. A second observation on finance is that existing patterns of 
finance for major educational projects can often impart a capital- 
intensive bias to them. If international loans or grants are tied to 
equipment purchase or major construction activities then, from the view- 
point of the local planner, these items have little scarcity value. He 
will tend to treat them as relatively costless in contrast to, for 
example, studio personnel whose salaries must be paid out of a local 
budget. Though this might be rational from the local perspective, it 
can lead to major mlsallocatlons of resources. The authors are aware 
of one example where new studio facilities were constructed with 
international funds even though perfectly adequate studios already 
existed. They are aware of numerous exasnples of studios more elaborately 
equipped than appears to be necessary for instructional television 
production. We expect that some of the ^ overemphasis on TV in comparison 
to radio results from donor agency willingness to fund capital costs. 
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TABLE II. 1 

CALCUliATED GRANT COMPONICNT OF AID 
HARD CURRENCY WMS^ 



Annual 
Discounting 
Factor^ 


A 

£ & CO c&i k V u c 

of Interest 
Payments*^ 


B 

irresenL vaJ.ue 
of Loan ^ 
Repayments 


CC-A+B) 
Present Value 
of All 
Payments 


■ 

Percent 
Grant^ 


5% 


$156 


$480 


$636 


36% 


7.5 


139 


291 


430 


57 


10 


125 


184 


309 


69 


12.5 


112 


121 


233 


77 


15 


102 


82 


184 


82 


17.5 


93 


57 


150 


85 


20 


85 


41 


126 


87 



«The entries In the columns labelled A, B, and C are the present 
values of future repayments of a loan of value $1000 to a recipient country. 
The standard AID repayment schedule is as follows: (i) For the first ten 
years after receipt of the loan the recipient country repays the U.S. 
accumulated interest semiannually; the rate of interest is 2% per annum, 
(ii) Loan repayment begins after 10 years and the interest rate charged 
increases to 3%; the repayment schedule calls for equal semiannual payments 
over a period of 30 years. 

^To compute the grant component of a loan it is necessary to have a 
discounting factor for future repayments. This discounting factor is the 
sum of two items—the expected rate of inflation of the dollar and the 
real social discount rate of the recipient country. For simplicity of 
computation and because of lack of alternative information, we assume a 
constant discounting factor. 

c_. 

The entries in this column are the present values of the interest 
payment during the 10 year period prior to coiranencing repayment of the 
loan, assuming the Initial value of the loan to be $1000. 

^The entries in this column are the present values of the 30-year 
loan repajonent stream, which begins 10 years after granting the loan^ 
assuming the initial value of the loan to be $1000. 

e 

This column Indicates the percentage of a loan that Is actually a 
grant; It equals 1000 minus the value of column C, divided by 1000, 
expressed as a percentage. The grant component increases to a high frac- 
tion of the loan as future repayments become more heavily discounted. 
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In the terminology of the previous chapter, most international 
finance of instructional technology is restricted to capital costs f 
particularly fixed capital costs. (Some goes for variable capital 
costs, such as receivers.) Mechanisms should be sought to allow inter- 
national finance to cover more in the way of recurrent and variable 
costs; "^^ once these mechanisms are available, lending agencies should 
consider explicitly the question of whether and how best to control 
utilization of grant and loan funds. 

3. A third point concerning the financial aspects of instructional 

technology projects is that they are often claimed to have important 

favorable redistributional effects. The bases for this claim are, first, 

that for a given level of expenditure the technologies can provide 

relatively better instruction in rural areas (and in the poorer parts 

of urban areas), and, second, that the incidence of cost of technological 

approaches to instruction is more progressive than for traditional 

approaches. We believe that these claims are probably correct for most, 

but not all, existing projects, and that with proper project design the 

redistributive potential of investment in instructional technologies could 

be enhanced. We stress, however, that almost no data exist on this 

11 

increasingly important matter. 

The preceding three points on the nature and linpact of financing 
mechanisms for instructional technology systems point clearly to the need 
for more research. Though it would be desirable to know more about the 



An AID loan to the elementary /middle school project of the Korean 
Educational Development Institute (Chapter VII) Is an example of one 
such mechanism. The Koreans wished to put the loan in a bank and use 
the interest payments to finance recurrent expenses. AID consented, 
though apparently with some questioning on the part of their auditors. 

■^■^Klees (1975, Chapter VI) discusses the impact on achievement 
inequality of the Mexican Telesecundaria from several perspectives. 
His most important conclusion from the point of view of policy was 
that, because of its lower cost than traditional instruction, 
Telesecundaria would be more inequality reducing. However, it should 
also be noted, that the financing of the Telesecundaria , as discussed 
in Klees (1975) and in Chapter XI of this report, appears to be less 
egalitarian than the financing of the traditional Mexican educational 
system. 
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pedagogical impact and cost of instructional technology systems, much 
valuable data are available and have been analyzed. Not so for financet 
We have almost no empirical information on the distributional impact 
of existing instructional technology systems; on the extent to which 
differential subsidization of system components distorts incentives; 
on how varying financial structures does (could) affect demand and 
utilization. Even limited research efforts should provide valuable 
information. 

5 . Summary 

In Chapter I we implicitly assumed that the information utilized 
in a cost analysis would be the market prices paid for the particular 
resources employed in the project. In Section 1 of this chapter we 
examined why this may not be so; in some situations market prices fail 
to reflect the true economic value of a resource (that is, its shadow 
price) and, consequently, suboptimal decisions could be made when 
evaluating alternative instructional strategies if market prices of 
resources are utilized unquestioningly . In particular, the wages of 
teachers may overstate their economic value in urban areas (where 
teacher surpluses are common) and understate their value in rural areas 
(where teachers shortages are comuon), and the market price of foreign 
exchange may often understate its economic value. 

Section 2 discussed why the methodological considerations developed 
in the previous sections are insufficient to insure adequate project 
evaluation and decision-making; care must be taken to see that those 
individuals invested with decision-making responsibility have adequate 
knowledge and incentives to make the correct choices. 

In Section 3 we looked at the possible errors in cost estimation 
and their likely sources. Cost assessment and cost projection are, in 
some senses, arts rather than sciences and require ingenuity as well as 
careful judgment by the analyst. Historical experience in education 
and other sectors suggests that costs are almost always underestimated 
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In a project's planning and early Implementation stages. Thus It is 
reaHiMwjbli* to enLlmate the costs of an fnHtructlonal technology project 
conHt-rvaLlvely, that le, to attempt to err on the side of overeat imatlon. 
It is also worthwhile to examine explicitly the sensitivity of estimated 
project costs to alternative assumptions about project resource 
requirements. 

Finally, In Section 4 we discussed problems of evaluating and 
planning for the financing of education projects. There is reason 
to believe that instructional technology potentially redistributes 
social resources more equitably than does traditional instruction; 
little is known empirically, however, about the actual incidence of 
costs or benefits from existing projects. Methodologies for evaluation, 
and planning must, in addition to examining the distributional impact 
of a project and its financing, also examine the effects of financing 
on the motivations of local decision-makers. 

In what follows, we will apply the concepts and methodology 
developed here to the evaluation of costs for instructional radio and 
television projects. Part II will discuss results from cost evaluations 
of ongoing projects and applications to the planning of new projects. 
Part III contains seven cost case studies upon which much of the material 
of Part II is based. 
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PART TWO 

COST ANALYSIS OF INSTRUCTIONAL TECHNOLOGY PROJECTS 

Once heard claims that various Instructional technologies would 
quickly and dramatically Influence educational practice now seem far 
off the mark; there have, nonetheless, been increasing numbers of 
educational authorities actively exploring the operational use of 
technology In education. One important rationale for the increased 
use of Instructional technologies Is that a large number of research 
studies, conducted over the past several decades, as well as recent 
experience on an operational level In many countries, have demonstrated 
the pedagogical effectiveness of many of these technologies. Although, 
as Indicated previously, our primary concern here Is to examine the 
cost side of the picture, below we briefly review the literature on the 
effectiveness of instructional radio and television. 

Both Instructional radio (IR) and Instructional television (ITV) 
have been utilized and tested in a wide variety of situations, although 
adequate evaluations of IR have been less common than those of ITV. 
Most comparative effectiveness studies come from the developed nations. 
In spite of the fact that perhaps the most widespread utilization of IR 
and ITV occurs in less developed countries. 

The relative effectiveness of IR has been surveyed several times 
In recent years. Jamison, Suppes, and Wells (1973, pp. 30-^31) review 
two recent surveys (see also Schramm, 1973), and report: 

Two surveys review information relevant to the effec- 
tiveness of IR. One Is Section VI of Chu and Schramm's (1967) 
comprehensive review of learning by television. The second Is 
a position paper by Forsythe (1970) that. In an earlier form, 
was prepared for the President's Commission on Instructional 
Technology. Sources of further information on IR may be found 
in a 432-entry indexed bibliography compiled by R. Madden 
(1968) , and an early review of research undertaken primarily 
In the late 1930's and early 1940' s may be found In Woelfel 
and Tyler (1945). 

Chu and Schramm (1967) numbered the princlp^il conclus- 
ions of their extensive survey. The ones roJEt relevant to 
IR follow. 
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'53. Given favorable conditions, pupils can learn 
from any instructional media that are now 
available • 

'58. The use of visual images will Improve learning 
of manual tasks as well as other learning where 
visual Images can facilitate the association 
process. Otherwise, visual images may cause 
distraction and interfere with learning. 

•60. Student response is effectively controlled by 
programmed methods, regardless of the instruc- 
tional medium. 

Their general conclusion is that radio, particularly when 
appropriately supplemented by visual material, can teach 
effectively and, for many purposes, as well as other media. 

Forsythe (1970) reached a similar conclusion. In sum- 
marizing studies of radio's effectiveness he concluded: 

Research clearly Indicates that radio is effective in 
instruction. Experimental studies coin)aring radio 
teaching with other means or media have found radio 
as effective as the so-callod 'conventional methods • 
Even though radio has been criticized for being only 
an audio medium, studies have shown that visual 
elements in learning are not uniformly Important. In 
many educational situations visuals may be more harm- 
ful than helpful. Also, the efficiency of combined 
audio and visual media has been challenged by studies 
which show that multi-channel communications may not 
be Inherently more effective than single channel 
presentations . 

To support his conclusions ^ Forsythe listed, among others, 
studies of Carpenter (1934) , Cook and Nemzek (1939) , Harrison 
(1932), Heron and Ziebarth (1946), Lumley (1933), Miles (1940), 
and Wiles (1940) . He also mentioned two experiments by NHK 
In Japan (NHK (1955, 1956)) that favored radio. Forsythe, 
along with Chu and Schramm, concluded that IR compares well 
with TI (Traditional Instruction). It should be kept in mind, 
though, that most of these studies are old, and that in many 
of them the 3;:\;>ctlstlcal controls were Imperfect, the amount 
of Instruct J^^it ^ryied by IR was small, or the classroom 
teacher did f r ;lclpate in the program. Nonetheless, we 
believe that the overall conclusions of Chu and Schramm 
and of Forsythe are consistent with the available evidence. 
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We also feel that there is substantial value, particularly 
for developing countries, in obtaining much more extensive 
evidence on the effectiveness of IR; of particular Importance 
would be experiments using IR to carry the bulk of instruc- 
tion in one or more subject matters for periods of at least 
one academic year. 

Jamison, Suppes, and Wells (1973, pp. 34-36) also provide us 
with a review of three surveys of comparative effectiveness studies 
of ITV. They report as follows: 

Chu and Schramm surveyed 421 comparisons of ITV with 
TI [Traditional InstructionJ that are reported In 207 
separate studies.... Their survey indicates that students 
at all grade levels learn well from ITV, though this seems 
somewhat less true for older students than for younger 
ones... [and] ...that the effectiveness of ITV cuts across 
virtually every subject matter. 

Dubin and Hedley (1969) provided a more detailed 
survey of the effectiveness of ITV at the college level. 
They reported on 191 comparisons of which 102 favored ITV 
and 89 favored TI, although most of the differences were 
insignificant at standard levels of statistical significance. 

An unusually stringent criterion for interpretability 
of results was utilized by Stickell (1963) in comparing 
ITV to TI, and it is worth commenting on his survey here. 
After examining 250 comparisons of ITV to TI Stickell found 
10 studies that fully met his requirements for adequate 
controls and statistical method (interpretability) and 23 
that partially met his requirements. Schramm (1973) provides 
clear tabular summaries of these studies. None of the fully 
Interpretable studies and 3 of the partially interpretable 
ones showed statistically significant differences; each of 
the three statistically significant cases favored the ITV 
group. It should perhaps be noted that when highly stringent 
controls are Imposed on a study, the nature of the controls 
tends to force the methods of presentation into such similar 
formats that one can only expect the 'no significant 
differences' that are In fact found. When ITV is used in 
a way that takes advantage of the potential the medium 
offers— as, perhaps, with Sesame Street— we would expect 
more cases of significant differences between the experi- 
mental group and the 'alternative treatment' (for it would 
not be a 'control' In Stickell 's sense) group. [The limi- 
tations of the verbal criterial measures invariably used 
to test the effectiveness of ITV is discussed by Mielke 
(1968).] ' 
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Careful evaluations of the effectiveness of operational instruc- 
tional technology projei;cs are much rarer than the experimental and 
quasi-experimental comparisons reported above. Schramm (1973) provides 
a review and discussion of the results that have been obtained and 
generally supports the conclusions reached by Jamison, Suppes, and 
Wells — that is, that radio and television can be used as quite 
effective vehicles to teach cognitive knowledge. It should be 
remembered, however, that the transmission of cognitive knowledge 
is by no means the only purpose of an educational system, and little 
research has been done to evaluate the other effects that an instruc- 
tional technology system may have. The interested reader should 
refer to Camoy (1975), Camoy and Levin (1975), and Klees (1975, 
Chapter VII) for a number of caveats relating to broader effectiveness 
and benefit criteria by which one might want to examine the utility of 
an instructional technology system. 

Nonetheless, the demonstrated ability of instructional radio and 
television (aa well as other technologies — see Jamison, Suppes, and Wells 
(1975) and Schramm (1973) for a review) to effectively transmit cognitive 
skills leads educational decision-makers to focus on other criteria, 
especially system cost considerations, in order to evaluate the 
reasonability and feasibility of initiating an instructional technology 
system. Historical experience over the last two decades has shown 
rapidly rising educational system costs for both developing and 
developed nations. One reason for the observed Increasing expenditures 
on education has been large enrollment expansion, especially In 
developing countries. However, also of great Importance, is that, 
over time, it is becoming more expensive to educate each child in 
the system. 

The increasing costs of educating a student do not appear to be 
the result of increases in the quality of education offered. On the 
contrary, it is probable that the quality of educational output is 
at best remaining constant, or perhaps even declining (see Woodhall 
and Blaug, 1968). The most plausible explanation of the increasing 
costs per student was formalized by Baumol (1967) and stated simply 



ERJC 



72 



-61- 



by Coombs (1968, p. 7): "Education's technology, by and large, has 
made surprisingly little progress beyond the handicraft stage," 
Essentially, the point is that although the educational process had 
made little, if any, gains in productivity, most other sectors of 
the economy have. Relatively progressive industries, using the more 
advanced technologies, partially determine the salary levels that the 
less progressive industries will have to attract competent 
people. Therefore, in general, educational systems have had to pay 
more over time for the same quality teacher. It has been the hope that 
innovations in instructional technology can aid the education sector 
In increasing its productivity along with the more progressive sectors 
of the economy. Relatively little of the potential of such technologies 
has yet been realized. However, it is likely that the near future will 
bring increased traditional educational system costs (through rising 
real teacher costs) relative to Instructional technology system costs 
(through reduction in or maintenance of the real costs of various 
technological alternatives), and thus the pressures to Introduce these 
latter, more capital-intensive, techniques will be increased. 

An initial and Important step in determining whether or not to 
Introduce an instructional technology system is therefore the determina- 
tion of its cost. In Part One of this book we developed a methodology 
with which to approach the cost analysis of educational systems. In 
Part Two, we now apply this methodology to the examination of the cost 
structure of Instructional radio and television projects, with particular 
attention to those located in developing countries. Chapter III will 
look at the costs of a number of ongoing projects , most of which we 
discuss In much more detail in the case studies Included in Part Three, 
while Chapter IV will analyze the costs of instructional technology 
systems from the perspective of planning new radio or television based 
educational projects. 



73 



ERIC 



-62- 



CHAPTER III 

COST EXPERIENCE WliU INSTRUCTIONAL RADIO Am TELEVISION SYSTEMS 

In this chapter ws apply the. mechcdclsgy developed in the preceding 
chapter to analysis of th« cost experience of nine specific projects. 
Four of these are instructional radio projects — .In Nicaragua.. Mexico 
(two projects), and Thailand, five of them are inn'^ructionaX television 
projects — in El Salvador, the United States (two projects), Korea and 
Mexico. All but one of these projects utilize the medium within a 
school setting for elementary and secondary education. The exception is 
the Stanford Instructional Television which deals with university level 
education. All of them have been underway long enough to provide ongoing 
cost information. In all cases, the analysis is based on data subjip»ct 
to substantial error, and our divisions of costs into various categories 
is sometimes based on incomplete information and hence may be somewhat 
arbitrary. The reader should view our conclusions as approximations. 

To put the costs into a form that permits the projects to be compared 
with one another, we have done four things. First, we converted all costs 
into 1972 U,S. dollars by converting from the foreign currency to U.S. 
currency at the exchange rate prevailing at the time the information was 



Cost information on other uses for the media, including several 
teacher training and adult education projects, may be found in the 
Schramm et al. (1967) case studies. Wagner (1972), Laidlaw and Layard 
(1974), and Lumsden (1975) provide cost information on the 
Open University in the United Kingdom; Dordick (unpublished) provides 
cost information on the Bavarian Telekolleg in Germany; Baldwin et al. 
(1972) and Wagner (1975) provide detailed cost information on a program 
of Colorado State University to distribute graduate engineering instruc- 
tion by videotape; and Krival (1970) provides cost information on use 
of radio and correspondence for teacher training in Kenya. Dodds (1972) 
reviews some of these and additional uses of media for nonformal education, 
and provides cost information in some cases. The cost data reported in 
these papers on nonformal education are amenable to the same methods of 
analysis used in this paper. For a discussion of the costs, and cost 
projections, of the school television program in Niger see Leifranc 
(1967). We have not included it because of the small number of students 
involved . 
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gathered, then used the U.S. GNP defaltor to convert to 1972 dollars 
(see Appendix A for the exchange rates and deflators used) . Due to 
differing relative prices In different countries and exchange rate 
rigidities, there may be distortions introduced by this procedure 
(see Vaizey et al., 1972, Chapters 15 and 16). Second, we use the 
same Interest rates (social rate of discount) to evaluate each project. 
To allow examination of the sensitivity of the conclusions to the rates 
chosen, we use three values for the interest rate~0, 7.5%, and 15% per 
year. Third, we have attempted to include and exclude the same items 
In each cost analysis. We include central administration costs, program 
production costs, transmission costs, and reception costs. We exclude 
the costs of teacher retraining and printed material. Fourth, we have 
assumed common capital lifetimes for all prodects~20 years for buildings 
and start up costs, 10 years for transmission and studio equipment, and 
5 years for receivers. 

For each project examined we present a brief description, and then 
derive an annualized cost function of the linear form presented in 
equation 1.2 in Chapter I; that is, we assume there to be a fixed cost, 
F , a variable cost per student, V^^ , and a variable cost per programming 
hour, , so that total cost, TC(N, h) = F + V^^ N + h , where N 

is the number of students using the system and h is the number of 
programming hours provided in any particular year. This simplified 
formulation takes as given the other cost determining system variables 



^e have included an interest rate of zero only to show the signifi- 
cant difference in estimated costs due to not discounting the future; 
using r = 0 is not a sensible alternative to evaluating project costs. 

3 

To be more precise, some costs may vary with the number of 
programming hours produced in any year, other costs may vary with the 
number of hours broadcast, while still others may vary with the number 
of hours of instructional lessons a class receives (see the discussion 
in Chapter IV); the cost analysis of ongoing projects presented here 
is not this detailed and thus h will usually refer to the second 
definition, the number of hours broadcast. This yields a slightly 
Inaccurate cost representation, but it should be recognized that each 
definition of h is probably roughly in proportion to the other two, 
and thus the estimated costs are reasonably accurate. 
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particular to each system, such as the number of grade levels served, 
the geographical area covered, the fraction of receivers located in 
elmu rifled nreaH, the quality of program production, the average class 
bIzu. To the extent that we would want to know the senaltivity of a 
project's costs to changes in the present configuration of these types 
of variables, more complex cost functions would have had to be estimated, 
such as those that will be described in Chapter IV for project planning 
uses. 

To obtain the values for F , V^^ , and \ » ^® allocated each 
cost into one of six categories: fixed, capital; fixed, recurrent; 
variable by student, capital; variable by student, recurrent; variable 
by hour, capital; and variable by hour, recurrent. Capital costs were 
then annualized using equation 1.3 of Chapter I, and the coat function 
was constructed by letting F equal Ch^ sum of all fixed cost components, 
Vj^ equal the sura of all variable by student cost components, and Vj^ 
equal the sum of all variable by hour cost components. 

It should be noted that In some of the cost analyses that follow, 
the value F is quite low or even zero, as most instructional television 
and instructional radio system costs are assumed to vary with N and h . 
More specifically, most production and transmission costs are assumed to 
vary with h while most reception costs are assumed to vary with N . 
It is usually only central administration and start up costs (when an 
estimate of these is available) that are assumed fixed, and sometimes 
even these may vary with N and h . This assumption is somewhat 
simplistic, but nevertheless, probably reflects the long run picture 
reasonably accurately; In the short run, for marginal expansion decisions, 
there may be sufficient excess capacity to increase N or h without 
increasing all related component costs. However, as the system expands, 
the excess capacity falls to zero, and all relevant system components 
need to be increased to allow further expansion (of N or h , for 
example) . Thus the linear function that will be estimated is probably 
an approximation to what more realistically can be expected to be a 
step function, which increases in discrete increments as N and h 
expand to fill the excess system capacity at successive points in time. 
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In addition to the cost function estimation, three other pieces of 
cost information will be presented when possible. First, the average 
cost per student (AC^). for a particular year of the project will be 
derived from the cost function. Second, this figure will be compared 
to the variable cost per student, V^^ , to form" a ratio, AC /V 
This ratio is presented to give the reader a rough idea of the extent 
to which the system discussed has achieved the economies of scale 
available in most instructional television and Instructional radio 
systems in their operations for the particular year In question. 

approaches unity as the system expands the number of students 
included, other things being equal. When AC^/V^ is large, it indicates 
that if the system were to increase the number of students enrolled, 
average costs per student could be decreased substantially by enrollment 
expansion. Since there is no theoretical upper bound on the ratio 
ACjj/Vjj . it is somewhat difficult to evaluate what it means for a given 
ratio to be 'large', but an idea can be gained from examining this 
figure for different projects. Third, we also present average cost per 
student hour of each project, which is probably one of the better 
measures for comparison between systems, since it takes account of 
both N and h . 

Finally, when sufficient Information is available, namely, the 
time structure of expenditures and student usage, we present selected 
estimates of the average costs per student from year i to year j 
(ACy) . a concept that was developed in Section 4 of Chapter I. As 

discussed in Chapter I, we believe ^hp ap 'o i. , 

y 1. J., we Dej.ieve the AC^^ s are a much better summary 

measure of project costs than that derived *^-om the cost function 
estimations. 



4 

^^.^.J^^ average cost per student hour can be calculated from the 
average cost per student AC^ . by dividing AC^, by the number of hours 

fLure^inot\h/'"?"%"" '^P"'^'"' annually; this latter 

caft to !lT^h h . since h is the number of hours broad- 

hroL^- I the grades In the system, but is the number of hours 
broadcast annually per ^rade. that is. h divided by tke nSber ,of grade 
levels the system serves. 
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In this chapter, Section 1 will examine each of the four instruc- 
tional radio projects and Section 2 will examine each of five Instruc- 
tional television projects. Section 3 will summarize and conclude. 
A large amount of additional information on all but two of the projects 
(the Tarahumara radio project in Mexico, and the one in Thailand are 
examined only in this chapter) can be found in the case studies 
presented in Part Three of this report. 

1. INSTRUCTIONAL RADIO PROJECTS 

The Nicaraguan Radio Mathematics Project 

In early 1975 a group of AID sponsored researchers and mathematics 
curriculum specialists began working with Nicaraguan counterparts in 
Masaya, Nicaragua, on radio programs to teach elementary school mathe- 
matics. The Radio Mathematics Project (RMP) is now near the end of 
its first year and is reaching approximately 600 first grade students 
on an experimental basis. During 1976 programming will be extended 
through the second grade, and a carefully controlled evaluation of a 
large-scale Implementation of the first grade curriculum will be under- 
taken. Present plans call for continued expansion of curriculum 
coverage to higher grade levels and for implementation of the radio 
curriculum throughout Nicaragua. 

A paper by Searle, Friend, and Suppes (1975) describes the present 
status of the project in detail, and, of particular importance to 
other project developers, it emphasizes the psychological principles 
underlying the project's use of extremely frequent student response as 
a pedagogical technique. Two other salient features of the RMP that 
Searle, Friend, and Suppes describe are its heavy use of formative 
evaluation in curriculum preparation and its concern from the outset 
with problems of cost and operational implementation of the project 
results. 

In this section overviewlng the Radio Mathematics Projects, the 
authors draw heavily on the Introductory material from the case study 
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In this report (see Chapter V) for a description of the project and its 
research objectives. Results from a cost analysis of the project, which 
Jamison recently completed, are then summarized. 

The Project . The Radio Mathematics Project assumes responsibility 
for all of the mathematics instruction children receive. A daily lesson 
consists of 30-mliiute radio presentation, followed by approximately 
30 minutes of teacher directed activities, for which instructions are 
contained in a teacher's guide developed in the project. No text- 
books are used and printed material is limited to a one page worksheet 
for each child each day. For reasons of cost, the RMP may reduce or 
eliminate the use of printed worksheets from this original level. All 
Instruction, Including the radio lesson, is given in Spanish. 

Before the broadcast portion of the lesson the teacher gives each 
child a worksheet on which the child writes his name and student number, 
a task that most first graders can learn to do adequately. Then the 
broadcast lesson is turned on. During each lesson two main characters 
Join with one or two subordinate characters to sing. play, and talk 
mathematics, usually inviting the children to join in. The children 
are asked to respond orally, physically, and In writing, and they do so 
40 to 50 times during each 30 minute lesson. Initially the RMP used 
stories to engage the children, and embedded mathematical work in a 
story context to maintain interest. Early tests of lessons with stories, 
using kindergarten and first grade children in California and first- 
grade children in Nicaragua, convinced the curriculum developers 
"...that the mathematical activities are intrinsically interesting to 
the children and do not need story support, as long as the children are 
asked to respond frequently" (Searle, Friend, and Suppes, 1975, p. 13). 

Sometimes children handle concrete materials during the broadcast— 
for example, counting or grouping small objects. Dialogue between 
radio characters introduces new mathematical material and children are 
asked to respond orally. In later lessons, the same exercises are 
repeated and the children. respond individually on their worksheets. 
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After the radio transmission, the teacher continues the lesson, 
following the directions given iD the teacher's guide. Usually children 
continue working on the worksheet during this portion of the lesson. 
During the experimental phase of the project, worksheets are collected 
and returned to the project office for analysis. 

Research objectives . The research aims of the project can be 
broadly characterized as falling in three realms; (i) radio and 
educational achievec^nt, (ii) the economics of radio as a technology 
of instruction, and (iii) the generalizability of the results to other 
settings. Among the educational questions of concern are: Can 
mathematics be taught effectively using radio as the primary source of 
instruction? How are achievement gains related to student characteristics? 
How does achievement of students' learning by radio compare with learning 
in the conventional classroom? How does the instructional program affect 
student and teacher attitudes towards mathematics, towards school, towards 
learning by radio? Do attendance and dropout patterns change when radio 
instruction is Introduced in the classroom? Does the failure rate 
attributable to mathematics change? Does performance in other school 
subjects change? The bulk of the project's substantial research budget 
is devoted to seeking at least partial answers to these questions. 

The economic aspects of the instructional system are the second 
major research concern. What are the development costs of the program? 
What are the operational costs? Can the cost of implementing the 
system in a different setting be estimated? What are the economic 
consequences of using radio in the classroom? Is the rate of flow of 
students through the school system, and hence the per pupil cost of 
education, affected? What is the cost of each of the components of 
the system and how is that cost related to its effectiveness? How much 
teacher training is necessary to maintain an effective level of instruc- 
tion? How much supplementary material must be prepared for students? 
How much supervision will teachers need in order to use the radio 
in the classroom? 

The third research area, that of generalizability, is less well 
defined than the preceding two but is, perhaps, more critical to the 
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ultimate success of the RMP. Even if it turns out that the RMP is a 
major pedagogical success, and that its costs are low, if it is 
difficult CO disseminate its results the project will have been of 
limited value. Project developers are thus experimenting with alter- 
native approaches to diffusing the project within Nicaragua, and 
the Agency for International Development is considering experimenting 
with its Implementation elsewhere. 

Cost function for the Radio Mathematics Project . As with the other 
instructional technology projects to be discussed, the cost function for 
the BMP will be constructed to give annualized total cost, TC , as a 
linear function of two independent variables — the number of hours of 
lessons presented p^,r year, h , and the number of students enrolled in 
a course, N . Each enrolled student would take 75 hours (150 lessons) 
in a single year's course. The cost function we are assuming has, 
then, the following forms 

TC - F + V„ N + V, h 

N h 

where F , , and are cost parameters, data concerning which are 

presented in detail in Chapter V. 

The first parameter, F , consists of all cost components invariant 
with respect to hours of programming or student usage, that is, it 
consists of central project costs: 

F =« annualized starting costs + project administration costs 
+ (research costs). 

Research costs are in parentheses because it is dubious that these 
general research costs should be included in the Nicaragua cost function. 
As most of the research co" red by these costs has results directed 
outside Nicaragua, they will be excluded from our total cost equation. 
On the other hand, we do include the cost of formative evaluation 
research as being directly related to program production. The value 
of F when capital costs are annualized at 7.5% is $73,400 per year. 
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The next parameter, , depends on transmission costs and program | 
production costs; it equals the annualized cost of a lesson plus the 
cost of transmitting it once. The annualized cost of a lesson is $128 
at a 7.5% discount rate; the cost of transmission is $13.^ Thus we 
have a cost of $141 per lesson per year, or, since each lesson lasts 
30 minutes, - $282 per hour of programming per year. 

The final cost parameter, , depends only on the cost per 
enrolled student per year; as estimated, = $3»06/year. 

Our final cost equation is, then given by (in dollars per year) 

TC(N, h) = 73,400 + 282h + 3-06N . 

Even with between 10,000 and 50,000 users, it can be computed from 
the above cost function that the average costs per student remain 
substantially above the marginal cost of $3.06 per student per year. 
And, becaase of both high marginal costs per student and high programming 
costs, the costs of the RMP are substantially higher than for most 
other radio projects. 

Three basic points emerge from the analysis just presented of the 
costs of the RMP in Nicaragua: 

1. The intensive efforts put Into program prepaxation suggest 

that, unless careful effort is tmdertaken to make these programs available 
to many users, the cost per student of program production will be extremely 
high. The costs can be spread among users by insuring a long life (10 + 
years) for the programs, by implenting the RMP through all or most of 
Nicaragua, and by attempting to use the same programs with only slight 
revision for Spanish-speaking students in Latin America and the U.S. 

2. The presently planned levels of classroom supervision, teacher 
training, and student workbook usage result In per student reception 



This assumes that each lesson is broadcast only once per year. 
The relatively small cost of transmission suggests, if there were either 
pedagogical advantages for repeat broadcasting or advantages in shifting, 
the resulting increases in transmission cost would be relatively slight. 
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costs of $3.06 per year, or, assuming 150 30-minute lessons In a year, 
costs of 4.2c per student hour. These costs are high, suggesting the 
value of continued, careful experimentation with lower levels of 
supervision, less frequent and less intensive teacher training, and 
more limited workbook use. 

3. It appears possible to reduce substantially the reception site 
costs and to spread programming costs over a large audience. Even if 
this were to be done, the project is apt to remain expensive by the 
standards of instructional radio projects. For this reason, principal 
emphasis in evaluation of the Radio Mathematics Project must be placed 
on its capacity to Improve the effectiveness of instruction, as 
indicated by its effects on mathematics achievement test scores and 
student repetition rates. It is too early in the project to assess 
its performance by these dimensions. 

The Mexican Radioprimaria 

Mexico's Radioprimaria is an experimental program, instituted in 
the State of San Luis Potosi in 1970, and aimed at utilizing instruc- 
tional radio to help provide fourth, fifth, and sixth grade education 
to those rural and semi-rural communities that had Incomplete primary 
schools. In theory, fourth, fifth and sixth grade students were to be 
combined in one classroom with one teacher, with radio lessons used to 
aid and supplement the teacher's instruction. In practice, some schools 
participating in the Radioprimaria system combine only two of the three 
grades, while others have a teacher for each grade but still utilize 
the instructional radio lessons. 

Spain (1973) describes and evaluates the system in detail; cost 
information was gathered by one of the authors and is discussed fully 
in Chapter VI. In 1972 the system broadcast about 280 hours, with 
approximately 30% of the lessons aimed at the combined three-grade 
audience, while the remaining 20% consisted of lessons aimed at a 
specific grade. Thus each student received about 242 hours of 
instructional radio lessons during the year. There were 2,800 
students enrolled in the system in 1972. The cost function is as 
follows: 
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Total Cost Equation 



AC, 



N 




Coiir. pev 
Studesxt Hour 



r = 0% 



TC = .13 N + 125.09 h 12.63 
TC = .15 N + 129.64 h 13.12 
TC = .17 N + 135.51 h 13.72 



84.33 



r = 7.5% 



77.24 



.054 



r = 15% 



72.32 



.057 



It should be noted Chat average costs, and consequently Ui- 
costs, are quite senstive to the interest rate chosen. Not c cing 
the ftiture can understate costs by almost 10%. The relatively high 
average cost per student and per f^tu"''.:-*- hour reflects the experimental 



average cost per student to variabLr . per student indicates that 
costs could be decreased substantially by expanding student enrollments. 

Radioprimaria is a quite interesting and unique project that offers 
the ri'Hytential for a vast saving of resources for primary education, since 
the additional costs of the instructional radio components of the 
system are far raofe than offset by the reduced teacher and facility 
costs resulting from combi?>ing three grades in one classroom. Whether 
such a sys?tem is as pedagogically effective as a traditional direct 
teaching system, needs fuither research, as is discussed in Chapter VI. 

The Tarahumara Radio Schools 

The Sierra Tarahumara is a mountainous, 15,000 square mile region 
in the state of Chihuahua in Northwest Mexico. In 1960 the total 
population of this area was 125,000, of which 50,000 were Tarahumara 
Indians. The Tarahumara remain relatively isolated from Mexican society, 
forming a distinct indigenous subculture, with its own language and 
customs. The Catholic Church has had a Jesuit mission in the region 
since 1900 and the Jesuits have run boarding schools for the Tarahumara 
since the early 1900' s. The Radio Schools were begun in 1955, with 
the intent of extending the educational work of the Jesuits to a 
larger proportion of the native population. Although initially much 
of the education had a religious focus, since about 1960 the Jesuits 



nature and consequent low utilizat^ 



•che system; the high ratio of 
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have cooperated with the Mexican Secretariat of Public Education, which 
has f.iw public schools in the region, to provide a secular education 
through the radio schools, following tha official government curriculum 
and using the official textbooks, for the first four grades of primary 
school. The aim has been to provide an education sufficient to allow 
graduates of the radio schools to continue their studies in tha public 
schools if they so desire. The information presented here is based on 
an evaluation of the system conducted in 1971 by Sylvia Sclmelkes de 
Sotelo of the Center for Educational Studies in Mexico City (reported 
in Schmelkes de Sotelo (1972, 1973)). The interested reader is referred 
to either report for many more details. 

Instructional radio lessons are broadcast from the Jesuit mission 
headquarters in Sisoguichi. All lessons are prepared by two teachers 
from a nearby primary teacher training school. In 1971 there were 46 
radio schools, serving 1,081 students spread out over the region. Each 
school had one or two 'auxiliary' teachers, individuals who had no more 
than a primary education themselves, to organize and supervise the 
classes and to guide and correct the students' work. The teachers' 
education is supplemented by summer training at the Jesuit mission. In 
about 75% of the schools students from all grades are combined into a 
single classroom, while the remaining schools divide the students into 
two classrooms, the average class size being about 19 students. The 
15-minute instructional radio lessons are grade-specific, and broadcast 
continuously throughout the school day. During the 45 minutes of each 
hour when they are not receiving brf-^; leasts directed to their grade 
level, students engage in individual exercises. 

A rough approximation of the costs o' the system is given in the 
Schmelkes de Sotelo (1973) study and w?,. atilized to derive the cost ' 
function and average cost information fo. che instructional radio 
conqjonents of the radio school system as follows:^ 



To converc. the cost information given in the Schmelkes de Sotelo 
study to this format it is assumed that her estimates for the costs of 
the land, building, and trahsmitter were based on straight line ' •• 
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Cost per 

Total Cost Equation AC^ ^S^^N Student Hour 

r - 0% TC - 26,714 + .35 N + 18.38 h 35.94 102.7 .225 
r - 7.5% TC = 33,424 + .40 N + 18^38 h 42.20 105.5 .264 
r « 15% TC = 41,077 + .46 N + 18.38 h 49.34 107.3 .308 

The average cost Information above Is based on the 1971 enrollment of 
1,081 students and the broadcast of 160 hours of instructional radio 
lessons annually to each grade. We see that the average cost per 
student is relatively high compared to other projects, primarily because 
of the very low enrollments. If the system could be expanded to serve 
more students, average costs could fall substantially. Further, we 
note that not discounting the future may cause one to understate costs 
by more than 25% (that is $35.94 versus $49.34). It should also be pointed 
out that, although no attempt has been made to compare the total costs 
of the radio schools with that of traditional primary school instruction 
in Mexico, the radio schools would probably be significantly less 
expensive^ despite their relatively high costs of radio instruction, 
since the salaries paid to auxiliary teachers are abou: half those of 
qualified primary school teachers. 

Most of Schmelkes de Sotelo's study is devoted to an evaluation 
of the radio school outcomes. In terms of imparting cognitive knowledge, 
the sample of fourth grade radio school students scored slightly better 
than their traditional student counterparts in arithmetic, geometry, 
and Spanish. However, this is perhaps the best that can be said of the 
radio schools and the results may not even be due to the utilization of 



depreciation over a 10-year life and that the cost of furniture, truck, 
and plane were depreciated similarly over a 5-year life. Further, we 
assume that the above costs and administrative salaries are fixed costs; 
that the cost of radio teachers, equipment maintenance, travel, utilities, 
and miscellaneous items are variable with the number of hours broadcast; 
and that the cost of a radio is $20, with 10% of this purchase price 
added annually to cover maintenance and power costs. Costs of training 
the auxiliary teachers during the summer are not included. 
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the radio lessons. Out of the 24 radio schools visited during the study, 
only seven schools had a radio in operation. Further, dropout rates 
and nonattendance were very significant problems. Of those students 
who continue to the fourth grade, few, if any, are Tarahumara (non- 
Tarahumara Mexicans make up the majority of enrolled students, despite 
the initial mission to educate the Tarahumara). Schmelkes de Sotelo 
(1973) was not able to find any relevance between the school curriculum, 
which was transferred xntact from the traditional, urban oriented, 
primary school one, and local employment opportunities. She finds that, 
at best, the schools encourage the student to leave the community, 
"and thus the community loses its better human resources" (p. 33) and 
in general contributes to "an education that serves the white population" 
of the Sierra and keeps the Tarahumara in a marginal position" (p. 8). 

We have seen these criticisms elsewhere in the literature ,'for 
example, see Spain (1973) or Mayo, McAnany, and Klees (1975) )-it is not 
that instructio:ial technology is incapable of meeting rural development 
needs, it is that much more concern must be given to examining those 
naeds prior to the introduction of an educational system. The Radio 
Schools of the Tarahumara are currently engaged in a complete reevalua- 
tion of their efforts (the radio lessons have been temporarily dis- 
continued since the 1973-74 school year, pending ^Ms reevaluation) , 
perhaps in large part due to the evaluation and recommendations made 
by Schmelkes de Sotelo, and attention is being focused specifically 
on how to reorient the schools more directly towards the needs of the 
Tarahunarn covTm'Tilty. 

Ill'ii.l£2^. llL \:'iSAy.V'Citic.- -ax Radio Project 

SubsranMally less experience based information exists on the cost 
of instructional radio than for ins: -uctional television. Perhaps the 
best- available informa'-ioo i? froT, the Thai radio education project 
tliat Dsgan lu May, 1958. This project broadcasts relatively small 
amoun-s of instruction in mu.^ic . social studies, and English to about 
800,000 elementary and beginnii.? secondary level students; in addition, 
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a 30-minute children's lunch hot!: program provides education and enter- 

tainite::; jurlilg the noon break. Schramm [1967] describes the Thai 

projeci d provides the basic cost data that we use for our analysis. 

;.vide the cost information that Schramm provides into fixed 

and ' • *able and capital and recurrent in ways that seem natural, then 

7 

apply our annualization methods to obtain total cost functions. These 
follow: 



Total Cost Equation 

r = 0 TC(N) = 89,340 + .182N 
r = 7.5% TC(N) = 100,400 + .221N 
r = 15% TC(N) = 114,700 + .263N 







Cost per 


AC^ 




Student Hour 


.294 


1.61 


.012 


.347 


,1.57 


.014 


.406 


1.55 


.016 



The per student hour costs obtained are very close to those of 
Schramm, but this results from two counterbalancing factors. Our 
estimated average cost 35C (at r = 7.5%) i? over double Schramm's 
estimate of 15C. This is due in part to a higher interest charge than 
he uses, but mo.stly to our using a 5 instead of 10-year lifetime for 
the expensive (132, 1972 dollars each) radio receivers. We assumed 
that with a 5-year lifetime, replacement would take the place of 
maintenance. This assumption of a 5-year lifetime is perhaps over 
conservative since part of the reason for higher receiver cost was 
that rugged, long life receivers were purchased. 

Counterbalancing our higher estimate of per student annual costs 
is our somewhat higher estimate of student wage. To obtain a per student 
hour cost of IC (1.32 1972 C), Schramm assumes that h has the very low 
value of 15 hours per student per year; we use 25. Music is broadcast 



^The cost function £jr this project >>stimated as a function 
of the number of students only; variable costs per hour were not 
calculated and therefore some costs that are variable with the number 
of hours broadcast are included in the fixed cost estimate. 
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for 1/6 hour per week per grade level offered, English 1/3, and social 
studies 1/2; the lunch hour program is broadcast 2 1/2 hours per week. 
The H<-ho..l year lasts 30 weeka, so that If a student took the median 
leiiKi lu-ix-.l MnKllHh rourNf ;md llMteued to the no.m hour program once 
a week he would listen for 25 hours per year; this is the basis of 
our computation of costs per student hour. What is important is not 
the actual number, but the observation that costs per student hour 
respond sensitively indeed to the level of per student utilization. 

It is valuable to note that radio can reach student hour costs 
of 1.5ip even with highly costly receivers and a low utilization rate. 

2. INSTRUCTIONAL TELEVISION PROJECTS 

The El Salvador Instructional Television System 

The El Salvador instructional television tystem began broadcasting 
In 1969 to .secondary school students. Recently there have been plans 
to extend the system to cover elementary school, and broadcasts to the 
fourth grade started on a pilot basis in 1973. Our analysis will only 
consider the; co-^tn ' the system without elementary school coverage. 
Because £> si bv^pnU^al amount of the funding for the project came from 
foreign grahts an.', loans, we will examine costs both from the point 
of view ot- ii. prrjeci costs, including the grant and loan money, 
and from the. viewpoint of costs to the Government of El Salvador 

.'0?S) only. The GOES costs are, of course, substcntialiy less than 
Lo'v-al project costs. 

Consequently we examine two alternatives: (a) total costs for 
the secondary school ITV system, and (b) GOES co..ts for the secondary 
school ITV system. Lost timetables for each of these alternatives 
Are given in Chapter VII, along with more information on the system. 
The cose data is based on Speagle (1972) except where footnotes to 
th^se tables indicate otherwise. To proceed from the cost timetables 
to annualized cost figures additional assumptions had to be made and 
these are explained for each alternative below. 
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a. In estimating the total system costs alternative for secondary 
school coverage, start up costs were treated as an Initial capital 
invcHtment in the wystem and were annualized over the assumed 25-year 
lifetime of the system. The 1972 student enrollment estimate of 48,000 
was used along with the assumption of an average of 170 hours of 
programming per grade per year. 

The total cost equation for the secondary system Is as follows: 











Cost Per 




Total Cost Equation 


AS 




Student Hour 


r = 0% 


TC(N) = 904,000 + 0.e.9N 


19.72 


22.16 


0.116 


r = 7.5% 


TC(N) = 1,116,000 + I.ION 


24.35 


22.14 


0.143 


r = 15% 


TC(N) =■ 1,346,000 + 1.33N 


29.37 


22.08 


0.173 



b. In looking at the costs to El Salvador of secondary school 
coverage It Is necessary to reduce the total expenditures given above 
by an annualized equivalent of the grants and loans. ^ To find this 
equivalent the present value of the 30-yeiir loan repayment series was 
calculated and this was subtracted from the total amount of the foreign 
grants and loans (the total amount was assumed to occur In the year 
1970). The resulting flgixre was annualized over the 25 years assumed 
lifetime of the project and subtracted from the fixed costs. The 
uuuVsUai behavior of the fixed costs— t^h.eynd'ecr ease as the discount 



^The cost 'function for this project was estimated a function 
of the number of students only. Var^.able costs per hour were not 
calculated and therefore some costs that are variable with the number 
of hours broadcast are Included in the fixed cost estimate. 

^Because of the grants and soft loans, total costs exceed GOES costs. 
Table VII. 1 In Ch£ip?>^.r VII shows the extent of this In the rows labeled 
'total costs* > *fnreign aid and de'ht repayment', and * total cost to 
GOES* • In the first ears of the project, 'total cost to GOES V is. obtained 
by subtracting foreign aid <in parentheses) from 'total cost'. In later 
years 'total cost to GOES' is obtained by adding debt repayment to 
'total cost' • 
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rate Increases — Is explained by obser 
worth more in annualized equivalents i 
equation for the secondary school ITV 

Total Cost Equation 

r « 0% TC(N) = 806,000 + 0.89N 
r = 7.5% TC(N) = 799,000 + I.ION 
r = 15% TC(N} = 771, OOe i- 1.33N 



^ing that the loans and grants are 
.8 r increases. The GOES cost 
system is as follows: 



Cost Per 







Student Hour 


17.68 


19.87 


0.104 


17.75 


16.13 


0.104 


17.39 


13.08 


0.102 



The Stanford Instructional Television System 

The Stanford Instructional Television system provides higher education 
courses to students at their places of employment. The major purpose of 
the system was to extend education to individuals with full time positions 
for whom commuting to campus would be difficult. Two organizations use 
the system. The first administers the broadcasting of regularly scheduled 
Stanford engineering courses. The second organization, the Association 
for Continuing Education, administers a wide variety of courses including 
the entire Master of Business Administration curriculum of Golden Gate 
University and courses of special interest to participating companies. 

The system was first instituted in 1968, with four classrooms and 
one auditorium equipped with broadcast capabilities and approximately 
30 companies within a 25-mile radius of Stanford equipped with reception 
capabilities and talkback facilities to permit active student participation 
from off -campus locations. The system operates on four separate channels 
in the ITFS band. Special equipment is required to convert this signal 
to the lower frequencies normally -transmitted to standard television 
monitors. 

The total initial investment in the system was $1,187,300 for all 
production, transmission, and reception equipment and the production 
facility. By 1974 a total of 4,942 off-campus students was participat- 
ing in all programs of the Stanford ITV system and 6,290 hours of 
progrannning were broadcast (approximately 50% of the total time available, 
at hours convenient to the student_s^at-the:ir companies) . 
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Ccsz functions were calculated using annualized values of capital 
equipn-ienu investment from 1968 through 1974, recurrent expenses for 
1974, a. .a utilization for 1974, The costs are in 1972 U.S. dollars 
and interoM: rates of 0%, 7,5%, and 15% were used to calculate 
annualized values (more details may be found in the case study reported 
in Chapter VIII), 

Cost per 







Total Cost Equation 


AS 




Student Hour 


r = 0% 


TC 


= 169,400 + 5.60 N + 83.90h 


1^6.60 


26.18 


5.70 


r = 7.5% 


TC 


= 196,900 + 9.20 N + 86.60h 


159.20 


17.30 


6.20 


r = 15% 


TC 


= 232,100 + 13.50N + 90.10h 


175.10 


12,97 


6.80 



The above calculations include teacher costs and all students. The 
Stanford engineering courses include auditors ''ho do not receive credit. 
As regular classes are being broadcast, teacuer costs may be excluded, 
as discussed in Chapter VIII. For the two different data assumptions 
and for the Stanford engineering courses separately and the entire 
system, the following results were obtained for the average cost of 



the project over an assumed 20-year lifetime. 



AC, 



Auditors included: 

Teacher Costs excluded 

Teacher Costs included 

Auditors excluded: 

Teacher Costs excluded 

Teacher Costs included 



1,20 • 

Stanford 
Courses 

$155 
$309 

$287 
$571 



All 
Courses 



$ 73 
$165 

$ 88 
$201 



While the Stanford system may appear expensive, one should remember 
thac these are the costs for the entire educational system serving the 
off campus students. If one assumes as a rough rule-of- thumb that 
tuition covers half the cost of on-campus education, the average cost 
per student for a three unit course is $540. 
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The Hagerstovn Instructional Television System 

The Hagerstown Instructional Television project in Washington County, 
Maryland, has been broadcasting instruction to schools since 1956 and is 
probably the longest continuously running ITV project in the world. The 
system has been servicing all students in Washington County since 1959. 
In 1972, 22,000 students were enrolled in all twelve grades in the 
school system and 1,440 hours of prograraining were scheduled. The 
average student ifeceived approximately 117 hours of instruction via 
television (or 9.3% of total instructional time assuming a 35-hour week 
and 36 weeks per year) . 

The central facility, with five studios, is connected with receivers 
in the schools by a six channel coaxial cable which is leased from the 
local telephone company which originally installed the cable. With 
the 6 channels available, there is a potential for scheduling 7,580 
hours of programming during the regular school year. 

The original investment in 1955 of $1,049,700 (in 1972 dollars) 
included the cost of equipping and constructing five studios and the 
pui-chase of 342 receivers. The cable coses for transmission are not 
included as the phone company has an annual charge to the school system 
for une of the cable. The annual charge Is based upon the length of 
cable and Is not related to utilization. The charge for the cable usage 
remained roughly constant in current dollars and was $164,000 in 1972. 

The major expense in recent years has been for personnel salaries. 
In 1972-73 there were 31 TV teachers, 23 persons employed on a full time 
basis in engineering and production, 32 junior college and other 
production personnel employed on a part time basis (equivalent to 5.1 
full time personnel, and 9.3 full time equivalent personnel from support 
services, such as cinematography, graphics, audio visual, and instruc- 
tional materials) . 

Using utilization and recurrent cost data for 1972 and annualized 
values of capital expenses from 1955-1972, the following cost functions 
and average costs were calculated (see Chapter IX for more details): 
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Total Cost Equation 




Cost per 
AC.7V., Student Hour 



r 



^ 0% 



TC « 234,500 + .50N + 617h 51.54 
TC « 234,500 + .90N + 652h 54.23 
TC - 234,500 + 1.50N + 697h 57.78 



103.80 



.44 



r 



7.5% 



60.25 



.46 



r 



15% 



38.52 



^49 



The long experience of Hagerstown ir^ the U8e of ITV has demonstrated 
two Important aspects of technology projec^ia: tne decline in relative 
prices of equipment arid the value of maintenance to increased equipment 
life. The price of television sets to Hagerstown has been approximately 
$150 in current dollars throughout the life of the project. However, 
when aii adjustment is made for inflation between 1955 and 1972, the 
price of the 342 sets purchased in 1955 becomes $286 in 1972 dollars. 
Television receivers are usually assumed to have a 5-year life. In 
Hagerstown only 200 sets have been removed from operation. If all of 
these sets were among those originally purchased in 1955, then at 
least 142 sets are still operating after 20 years. 

The Korean Elementary /Middle School Proje ct 

In the period 1970-71 the Republic of Korea undertook a major 
systems analysis of its educational section. The purpose of the 
analysis was to ascertain the feasibility of improving the internal 
efficiency of the educational system and of making the system more 
responsive to Korea's economic and social needs. Two important 
conclusions of the analysis were that a single entity within Korea 
should tah \ponsibility for educational reform activities, and 
that an ±xny .c' initial target for reform would be the elementary 
(grades 1-6) and middle (grades 7-9) schools. In August 1972, the 
Government of Korea responded to thess recommendations by establishing 
the Korean Educational Development Institute (KEDI) undei the direction 
of Dr. Yung Dug Lee. One of the first major tasks facing KEDI was 
development of a reform project at the elementary and middle school 
levels <XEDI, 1974). The elementary/middle (E/M) project is now in 
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the course of development, and final plans for implementation remain to 
be decided on. The E/M project will, however, use instructional 
television and radio to provide instruction. Present plans call for 
students in grades 2 through 8 to receive about six 20-minute television 
lessons per week by the time the operational phase of the project begins 
in 1978; more intensive use of ITV will be considered if funds become 
available. Plans call for students in grades 1 through 9 to receive 
about ten 20-minute radio lessons per week. In addition to use of 
ITV and IR, the E/M project will involve reform of curriculum and 
textbooks and may involve use of differentiated staffing, use of 
individual instruction, and increasing **he student to teacher ratio 
through double shifting. 

At the time of this writing (September, 1975) the E/M project is 
at a critical juncture. The first phase of its activities — initial 
planning for and tryouts of the new instructional approaches — is 
nearing completion. Its transmission facilities and new studios are 
scheduled to become operational within a few months, thereby allowing 
the second major phase of the project, comprehensive demonstrations in 
45 schools, to begin. This demonstration phase will continue through 
February, 1978. A third phase, that of nationwide implementation, 
will begin in the course of the demonstration, and in parallel with it. 
Implementation is plannr.r for the period 1976-1980. 

The KEDI E/M project is ambitious in the comprehensiveness of the 
reform it plans to implement and in the extent to which, like Nicaragua's 
Radio i^iathematics Project (see Chapter V), it will attempt to utilize 
research results from educational psychology in its instructional 
design. The project is, in addition, incorporating the most recent 
technical advance in transmission systems, the tethered aerostat, 
for signal distribution. KEDI's use of an aerostat will be the 
fii-frt use made of this technology for television broadcasting. For 
all these reasons, then, the E/M project will be closely observed and 
its costs will be important to ascertain. The cost information 
presented below is based in part on costs that have been incurred, and 
in part on present KEDI plans. The results are thus tentative. 



95 



-84- 



The bulk of E/M project costs are for television, and we feel our 
estimates of the television costs are less subject to error than those 
for radio. Thus costs for only the instructional television aspect 
of the project are presi^nted here. Chapter X discusses radio and print 
costs as well. Tbi basic cost equations are shown below, with average 
costs based on the assumption of 70 hours per year broadcast to each 
of 8 grade levels and 1,000,000 students using the system. (Though this 
utilization figure is high, KEDI plans call for eventual coverage of 



all 


7,000 


,000 students of this age group. 


) 
















Cost Per 






Total Cost Equation 


AC„ 


ACj^/Vj, 


Student Hour 


r = 


0% 


TC = 109,000 + 1.62N + IS' ^"h 


2.76 


1.7 


.039 


r = 


7.5% 


TC = 214,000 + 1.81N + 


3.22 


1.8 


.045 


r = 


15% 


TC = 348,000 + 2.02N ^ -i 


3.74 


1.9 


.054 



The Mexican Telesecundaria 

Mexico's Telesecundaria Is ^r- experimental program designed to extend 
secondary school educational .-;.%portunities to youth in rural regions, 
where few secondary schools previously existed. Television lessons 
carry the primary instructional burden of the system in that programs 
are produced and broadcaat tn all subject matters end each grade usually 
receives one 20-minute program every hour of the school day. In the 
classrooms, former primary school teachers are used as classroom 
coordinators, instead of a teacher trained to instruct at the secondary 
school level. 

Detailed evaluations of the system are presented in Klees (1975) 
and Mayo, McAnany, and Klees (1975), while an analysis of much of the 
relevant evidence on Telesecundaria is reported in Chapter XI. In 
1972 the system broadcast about 360 hours of instructional lessons to 
29,000 students in an eight state region around Mexico City. The 
summary cost function and average cost information for 1972 is as 
follows: 
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Cost Per 





Total Cost Equation 






Student Hour 


r = 0% 


TC = 3. 65 N + 520 h 


23.02 


6.31 


.064 


r = 7.5% 


TC = 4.23 N + 538 h 


24.27 


5.74 


.067 


r = 15% 


TC = 4.35 N + 561 h 


25.74 


5.31 


.072 



It should be noted that not discounting the future may cause one to 
understate system costs by almost 12% (that is, $23.02 versus $25.74). The 
relatively low value of the ratio of average cost per student to variable 
cost per student indicates that some economies of scale have already been 
achieved, although costs per student could be still lower if enrollments 
expand. 

Given the relatively low utilization of Telesecundarla, it is a 
surprisingly inexpensive system. Telesecundarla is less costly than 
many of the other Instructional television systems. It is perhaps 
closfist in form to that in El Salvador, whose average cost per student 
was similar for 1972, even though the El Salvador system was serving 
65% more students than Telesecundarla. Further, costs per student hour 
were considerably lower for Telesecundarla, $.067 versus $.143 (at a 
7.5% interest rate) for El Salvador. The cost comparison between the 
two systems would favor Telesecundarla even more if it was operating 
in urban areas with an average class size of 45, as does the El 
Salvador system, as opposed to rural areas with an average class size 
of only 23 students. 

One of the primary reasons for the low overall cost of Telesecundarla 
is its low production cost. As discussed in Chapter XI, even utilizing 
a 15% discount rate, production costs per hour of programming are only 
$513. Schramm (1973) reports typical production cost estimates for 
similar instructional television projects (iaee also Chapter IV below) 
In other countries range from $1,200 to $2,000 per hour, and Indicates 
that Mexico's Telesecundarla is one of the least expensive systems of 
its kind in the world. 
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Sufficient data were available for the Telesecundaria project to 
allow the construction of a year by year cost table (see Table XI. 2) 
and the consequent calculation of AC^j's . Figure III.l presents the 
average costs from project initiation in 1966, assuming different project 
lifetimes (that is. AC^ggg . ^ as j = 1967 to 1986) at social rates 
of discount of 0%, 7.5%, and 15.0%. This figure serves to Indicate 
several points. First, costs decrease quite rapidly as we project 
Telesecundaria to continue for more than a few years. For example, if 
Telesecundaria were to be discontinued next year, the average cost per 
student over the lifetime of the project (^^^^^6, 1976^ 
(at a 7.5% interest rate). Assuming a 20-year lifetime, the average 
costs (ACj^ggg^ j^ggg) would be considerably less, $23. 

Second, we observe that the choice of a discount rate is quite 
important. As the opportunity costs of resources become greater, so do 
the real costs of the project. Neglecting the discount rate (that is, 
choosing a zero discount rate), as many cost studies unfortuiiately do, 
serves to understate project cost substantially, even more so than the 
average cost figure derived in the tableau above for 1972, since 
utilization was not discounted in this latter figure. For example, if 
we look at the average costs per student from 1966 to 1986 
(assuming a 20-year lifetime for Telesecundaria) , not taking the value 
of resources over time into account (that is, using a zero discount rate) 
can result in understating costs by almost 30%, if the appropriate rate 
is 15% (that is, $20 per student versus $28 per student). 

Telesecundaria is an especially interesting Instructional technology 
project in that research has shown it to be mote cpst effective than the 
traditional direct teaching system that is used in most secondary 
schools in Mexico. The interested reader is referred tc Chapter XI for 
a detailed discussion of this point, as well as an analysis of system 
expansion alternatives, financing, and more extensive cost information.^ 
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3. SUMMARY 



Tables III.l and III. 2 summarize the annualized cost Information, at 
a social rnu. of discount of 7.5%, for the four Instructional radio 
pro.lccLs and five Instructional television projects, respectively, 
that have been discussed In this chapter. The four radio projects 
are quite different in size and scope, as is indicated by the wide 
variations in N , h , and average cost per student (AC^) exhibited 
on Table III.l. The two Mexican radio projects at present have a rather 
high average cost per student, which reflects their relatively low 
ucillzatlon; the high value of the ratio of average costs to variable 
costs (AC^/Vjj) for these two projects indicates that substantial 
economies of 'scale, and consequent reductions in average costs, could 
be achieved with the expansion of system enrollment. The relatively 
high variable cost per student (V^^) for the Nlcaraguan project reflects 
the assumption of extensive school supervision and the utilization of a 
r.'laLJvc-iy expensive battery -^)owered radio receiver and the inclusion 
of teacher training and printed support mfiterials costs. 

The five television projects examined also exhibit a wide range of 
scope, size, and application. The high cost per student of the Stanford 
Instructional Television system is indicative of the greater ITV expense 
often incurred in a university setting, especially one that utilizes a 
distance-learning mode of operation. The reader should note that the costs 
of the Stanford system may still be considered quite reasonable, since 
they cover the total costs of instruction—classroom teachers are not used 
to supplement the video lessons. The high ratios of average costs to 
variable costs UC^/^) for all but one of the projects indicate that 
average system costs can be reduced substantially in most of these systems 
if their enrollment expands. 

The variations in the variable cost per student for the four 
nonuniversity ITV systems strongly reflect differences in class size, 
which can greatly affect per student costs (as discussed in Chapter I); 
the low value of V^^ for the Hagerstown project is also a consequence 
of the much longer than usual lifetimes obtained for reception equipment. 
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TABLE III. 2 (continued) 

Nlio rost function for instructional television in El Salvador was 
derived solely as a function of Vj^ ; therefore Vj^ is not given in the 

table (costs that are variable per hour broadcast are thus Included in 
the project's fixed cost figure), 

^The N and h for Korea reflect planned utilization of the 
system as discussed in Chapter X. 

^The data for this column are taken from the case studies presented 
in Part Three (sufficient data were not available to allow calculations 
of AC,/s for the Korean instructional television project, 
ij 
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It Is also interesting co compare the AC^^ ^ column, which gives the 
average costs per student over 20 years of system utilization, with 
the ACjj column, which gives average costs per student at one point 
in time. In most cases these two nummary cost measures turn out to be 
quite close; the discrepancy between the two figures, however, is quite 
pronounced for the El Salvador system due to the substantially increased 
ITV atillzatlon projected for future years. As discussed in Chapter I, 
we believe the AC^ ^ figure represents a better summary cost measure 
than the average cost per student for a given year (AC^^) , since the 
former achieves a perspective of costs and utilization over time that 
the latter lacks. As we have just seen, however, empirically the two 
measures may be quite close, except when current costs and/or utilization 
vary considerably over a project's lifetime. 

In summary, a number of general conclusions emerge from our analysis: 

1. It is realistic to expect the costs of instructional radio 
to range from 1(? to 4<? or 50 per student per hour, about one fifth as 
much as instructional television. The high end of this range can be 
reached with very small numbers of students (several thousand); the 
low end ml«ht require several hundred thousand. 

2. it is realistic to expect the co:.cs of instructional television 
to range from 5(? to 15(? per student per hour, or about three to five 
times as much as instructional radio, depending most importantly on 

the number of students in the system. The low end of this range can 
be reached only if close to a million students are using the system 
in a reasonably compact geographical area. 

3. Cost estimates respond sensitively to the social rate of dis- 
count; going from a 0 to a 15% social rate of discount can increase 
annualized cost estimates by 15% to 40%. 

4. The heavily front loaded costs and rear loaded utilization 
of technology projects results in a requirement that projects last 
10 to 20 years to allow unit costs to fall to a reasonable level. 
This is vividly illustrated through examination of 'average costs 
from 1 to j' , our AC^js (see the appropriate tables in the ITV 
case studies reported in Part Three). If there is a substantial 
probability that a project will not last 15 years, its initiation 
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should bo reconsidered. Once Into a project, future AC^ values are 
much lower than prior to Its Initiation, as one would expect. 

Our analysis provides only the cost side of the Input to a cost- 
effectiveness analysis of the potential role of Instructional 
television and radio In developing countries. Yet the surveys of 
Chu and Schramm (1967), Schramm (1973), and Jamison, Suppes, and Wells 
(1974) indicate that these media are good substitutes for conventional 
instruction of reasonably high quality. Kor these reasons we can expect 
to see an expanding role for the nisw medi/i, as substitutes for conventional 
Inputs, as the media prices continue to decline relative to that of 
conventional instruction. In the following chapter we pursue our cost 
analysis of IR and ITV systems by looking at how costs may be examined 
as a function of a number of educational policy decision variables that 
need to be carefully considered in planning and initiating an instructional 
technology system. 
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CHAPTER IV 

COST l-UNCTIONS FOR INSTRUCTIONAL RADIO AND TELEVISION 

Our purpose in this chapter is to identify the variables that will 
determine the cost of an instructional radio or television system, and 
to organize those variables into a total cost function in a way that 
will allow planners to examine the sensitivity of total cost to changes 
in the determining variables. Whereas the purpose of Chapter III was 
to present results from cost evaluations of ongoing projects, the 
purpose of this chapter is to discuss techniques for planning future 
project costs. The chapter has three sections. In the first section 
the variables that determine the total cost function are identified for 
radio and television and a general cost function is specified. In the 
second part, estimates for elements of the cost function are discussed 
in terms of costs for central administration and project start up, 
programming, transmission, and reception; these estimates draw on the 
results of Chapter III. In the third part, example cost functions for 
radio and television are constructed from the data provided in the 
second part. ' 

1. DETERMINANTS OF TOTAL COSTS 

In constructing the total cost function, we assumed that total costs 
can be written as the sum of central costs, programming costs, transmission 
costs, and reception costs. This assumption, though convenient, can be 
restrictive as it fails to allow for tradeoffs between transmission 
and reception costs. This tradeoff plays a central role in assessing 
the economic desirability of satellite transmission. 

Total costs, TC , are then given by: 

(IV.l) TC = C^ t Cp + C^ + Cj^ 

where subscripts C , F , T and R refer to central, programming, 
transmission, and reception respectively. Our approach to specification 
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of TC will be to examine each of the component cost functions In 
turn. The determining variables with their definitions are listed 
In Table IV. 1. For all capital expenses the annualizatlon factor, 
a(r, n) > discussed In Chapter II, Is used. 

Central Project Costs 

Project planning and start up costs are Important aspects of total 
costs and should be annualized over the entire project lifetime. 
Additionally, technology projects may require special administration 
costs that are distinct from administration costs for the education 
system. These costs, the central project costs, are given by: 

(IV.2) = a(r, n) C^^ + C^^ , 

where r Is the social discount rate; 

n Is the life of the project; 

Cgy Is the project start up cost; and, 

C^^ Is the annual central administration cost. 

Programming Cost Function 

The programming cost function Is a more complicated formulation than 
the other equations, as the capital expenses for production facilities 
and equipment are annualized over the life of the program. The function 
is given by: 

(IV. 3) Cp = a(r, n^) [a(r, n^^) C^^ + a (r, n^^ C^^ + Cp^] , 

where n^ , n^^ , and n^^ are the lifetimes of the program, the 
production equipment and the production facility respectively; Cp^ and 
Cpp are capital costs for the production equipment and the production 
facility respectively; and, Cp^ is annual production cost. It should 
be recalled that all programming costs are related to the number of 
programming hours. An alternative technique would be to summarize 
these costs into a single per hour production cost, Cpj^ . We would 
then have: 
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TABLE IV. 1 

DEEERMINING VARIABLES OF THE TOTAL COST FUNCTION 



Variable 
A. System Variables 
N 



k 



Definition 



Number of students using the system 
each year. 

Number of hour^ of programming each year. 
(This number could be derived by deter- 
mining the average number of broadcast 
hours per student and multiplying by 
the number of distinct Student groups, 
for example, grade levels). 

Area of the reglosi to be served. (TJils 
factor could be examined In further 
detail by assximlng several regions with 
different areas or geographic features). 

Number of pages of printed materials 

for each student. (The printed materials 

are asstmed to be reusable*) 

Number of students who will share a 
receiver. (This will depend upon the 
number of students per class and the 
number of classes that can share a 
receiver) . 

Fraction of reception sites located 
in a non-electrified area. 

Number of reception sites. 



B. Cost Variables 

^SU 
^CA 



Cost of project planning and start up. 
Cost of central administration. 
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TABLE IV.l (continued) 

(h) Cost of production facility (land and buildings) 

Cpg (h) Cost of production equipment. 

^PA Annual cost of program production. 

^TE ^^^^ purchasing and installing a 

transmission system capable of serving 
area G. 

^TF ^^^^ transmission facility (land and buildings) 

^TA Annual cost of power, maintenance » and 

operating personnel for a transmitter 
capable of reaching area G. 

C^f Cost of one receiver. 

Cj^ Cost of related reception equipment 

(for example^ antennas) for a reception site. 

Cj^p Cost of building modifications for television 

reception. 

Cost per reception site for power generation 
equipment (required only for TV in non- 
electrified areas). 

C Cost of electric power, per reception site 

per hour, using power lines. 

C t Cost of electric power , per reception site 

per hour» using local, power generation 
equipment or batteries. 

Cost per hour for maintenance at each 
reception site. 

C^ Cost of a book, per page. 

C. Capital Lifetime Variables 

n Life of the project. 

Up Life of a completed program. 

xipg Life of production equipment. 

Hpp Life of production facility. 

Life of tifansmission equipment. 



TABLE IV. 1 (continued) 





Life 




Life 


°RE 


Life 




Life 


n 


Life 


e 






Life 



D. Social Rate of Discount 



of transmission facility, 
of a receiver. 

of related receiver equipment. 

of reception facility modifications. 

of power generating equipment. 

of a botokii 



r 



Social rate of discount. 
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(IV. 3') Cp = a(r, n^) C^^ h . 

This equation assumes a target audience with a single language and 
little cultural diversity, each of which could require alterations of 
program content for different groups. 

Transmission Cost Function 

The transmission cost is given by: 

(IV.4) = a(r, n^) C^^ + a(r, n^^ C^^ + C^^ . 

where n^ and n^^ are the lifetimes of the transmission equipment and 
transmission facility respectively; C^g and C^^ are the capital costs 
of the transmission equipment and transmission facility respectively; 
and, C . is the annual operating cost for transmission. The costs 

LA 

vary with the size of the region to be served. More detail could be 
included in the equation by assuming more than one region with different 
transmission requirements. There would then be a single equation IV.4 
for each region and total transmission costs would be obtained by 
summing the equations for all regions. 

Reception Cost Function 

In writing the reception cost function, we must take account of 
receiver capital and maintenance expenses, power equipment and operating 
expenses, and printed materials cost. The reception cost function is 
given by: 

(IV.5) C^ - a(r, n^) N/^ C^' + a(r, n^^) SCj^ + a(r, n^) SCj^ 

+ a(r, OL,) eSC + (1 - e) hC^ + ehC^* 
15 e P P 

+ hC^ + a(r, n^) 
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where , xi^ » * and are the lifetimes of the receiver, 

other receiver-related equipment, the reception facility, power-generating 
equipment for the reception facility, and printed materials respectively; 
C ' , C , , Cj^p , and are capital costs of the receiver, receiver 

related equipment, the reception facility, the power-generating equipment, 
and printed material respectively; , Cp' , and are hourly 

costs of electric power from powerllnes, electric power from power 
generating equipment, and maintenance respectively; 

N Is the number of students served by the system; 

k Is the number of students sharing a receiver; 

S is the number of reception sites; 

e is the fraction of reception sites located In areas not 
served by power lines; 

h is the number of hours of programming each year; and, 

b is the number of pages of printed material for each student. 

More detail could be included in the reception cost equation by 
realizing that there may be some variation among reception sites. The 
differences in cost among sites may be small for related equipment but 
could be large for power costs. 



Cost Function Recapitulation 

The total cost function of equation IV. 1 has been described in 
more detail in the equations for central, production, transmission and 
reception costs. Even though we consider 35 separate determining 
variables, our cost function represents only an aK:- vdmation; at a 
number of points along the way we have indicated where more detail 
could be provided and other instances will have occurred to the reader. 
The cost function provides a useful approach to a broad outline for 
planning. However, a detailed planning effect would be required to 
obtain more detailed cost Information specific to local circumstances. 

It is perhaps worth pointing out that equatipnlV.l fits into the 
simple TC - F + Vj^ h + N format if one takes as givaa all the 
determining variables except N and h . Only the central costs 
(and perhaps the transmission costs) would be considered fixed. The 
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variable cose per hour, V^^ , could be determined by suiranlng programming 
costs divided by the number of hours with the hourly reception power 
costs. All reception costs (with the exception of hourly power costs) 
would be used to determine the variable costs per student, • 

2. COMPONENT COSTS 

Our purpose in this section is to provide background information on 
what actual ^osts for elements in the cost function have been and can 
be expected to be. This information can serve as a guide to planners 
of future systems even though the estimates presented here will 
generally need to be changed to reflect local circumstances. 

Central Administration and Start Up 

Project planning, feasibility studies, and cost analyses are 
important initial steps before a project is undertaken. These costs 
should be included as part of the project costs. Unfortunately, many 
analyses often ignore these costs as they are difficult to determine. 
These costs may be high if the project is one of the first projects 
using a particular form of technology and cannot base its analysis 
on other project experiences. For example, Stanford was the first 
university to use the Instructional Television Fixed Service (ITFS) 
band for television with two-way audio for off-campus education. 
There, start up costs amounted to $328,000, There are now many. other 
systems that have followed the Stanford model and these planning 
costs can be minimized. In Nicaragua, initial planning expenses 
were $268,000, This is the first system to provide a mathematics 
curriculum via radio for primary school students and require 
40-50 respones from each student (in a workbook) during a 30- 
minute lesson. This technique can be adapted to other Spanish- 
speaking countries at significantly lower cost. 

Central administration is another important expense item that 
varies widely from project to project and is often ignored. For the 
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Stanford TTV system, people are employed full time In an administrative 
capacity and their salaries are approximately $100,000 each year. Another 
ImportMui .xpeoHe that 1h often not Inclu.led io researcli and evaluation. 
In NicaraKiia, evaluation of the programs was part of a formative evalua- 
tion process and was included within production axpenses. However, an 
additional $118,000 was spent on other research. In the Ivory Coast, 
expenses for evaluation and studies have reached over $200,000 per 
year, and may well become higher. 

Productio n 

Production costs vary widely and depend upon the complexity of the 
program being presented. As the complexity of the presentation Increases, 
more expensive G<i.M?ment and more personnel may be Involved. For 
example, the Stanford ITV system (Chapter VIII ) uses one teacher, one 
camera operator and two cameras in the studio. The format of the program 
18 direct li^cturlng, with notes and graphi;, by the teacher (the system 
provides a facility for student talkback) , and the costs per hour for 
production are approximately $91. In Mex^-co (Chapter XI), production 
costs are approximately $490 per hour for a more complex production 
arrangement involving a teacher, a director, a camera operator, a 
technician, and materials produced by a graphics department. The 
production of programs for the Open University, which is undertaken by 
the British Broadcasting Corporation, costs an average of $9,600 per 
hour (Lumsden and Ritchie, 1975). 

Although production costs and program complexity vary widely, the 
research cited by Schramm (1972) challenges the need for professional 
production techniques in educational programs. Schramm reviewed the 
literature on program production and the impact of different production 
techniques on student learning. He concluded that aimpliclty of 
presentation is preferable. 

The general conclusion that emerges from the studies 
of simple vs. complex treatments of material In the audio- 
visual media is one that should gladden the heart of a 
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budgcL officer or an executive producer. More often than 
not, there is no learning advantage to be gained by a 
fancier, more complex treatment (p. 55). 

Visual embellishments do not usually help learning 
unless (like directional arrows) they can help organize 
content chat is not inherently well organized or (like 
animation) help a viewer to understand a process or concept 
that is very hard to upd.erstand without such simplification. 
In other words, visual embellishments per se are not espe- 
cially useful in instructional material. 

No learning advantage has been demonstrated for 
'professional' or 'artistic' production techniques such as 
dollying rather than cutting, key rather than flat lighting, 
dissolves, wipes, fades, etc. 

There is very little evidence that narrative presenta- 
tion ordinarily has any learning advantage over expository 
or that adding humor adds to learning effect (p. 65). 

His conclusion, which is revelant to the choice between television 
and radio, is that there is doubt that two channels (audio and visual) 
have an advantage over one channel (audio or visual) when the Information 
carried by the second medium is relevant . Therefore, although he 
concludes that there is no advantage to si^ending money for complex 
television production, there may also be no advantage to spending money 
for television instead of radio if the television production merely 
involves lecturing. An alternative to television production utilizing 
graphs, charts and notes would be radio with student workbooks or 
printed materials. 

The coordination of radio with student workbooks is especially 
attractive, as Schramm (1972) also concluded that active participation 
by the student was important. 

Tiie chief positive guideline that emerges from the 
research is the usefulness of active student participation. 
Concerning that we have been able to report Impressively 
consistent results. Participation may be overt or covert; 
spoken or vnritten or done through practice with a model or a 
device; button pushing or asking or answering questions, or 
finishing what the instructor has begun to say. Different 
forms are more effective In different situations. Whatever 
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the way in which students are encouraged to practice the 
desired responses, in most cases this activity is more 
effective if the students are given immediate knowledge of 
results— that is, told whether their responses are correct 
(p. 66). 

But at least two straightforward guidelines stand out 
from the research papers we have reviewed. Effective 
television can be kept as simple as possible, except where 
some complexity is clearly required for one task or another; 
students will learn more if they are kept actively partici- 
pating in the teaching-learning process. Simple television: 
active students (pp. 66-67). 

Planning a program with active student participation can easily 
raise che costs of production. An interesting experiment with radio 
production for primary grade mathematics Is being undertaken in 
Nicaragua (Searle, Friend, and Suppes, 1975; a cost analysis of this 
project appears in Chapter V ). The cost for program production— 
which includes student workbooks, teacher guides, and approximately 
40-50 active responses per 30-minute lesson~is $1,712 per Tiour. This 
cost is high tor radio production (Schrana et al., 1967, est Jjnated 
production costs of $250 per hour for radio programs In Thailand) and 
is well within the range of production costs for television. However 
if one assumes a 10-year lifetime for these programs (which is reason- 
able considering the investment in planning, evaj-uation, and revision), 
the costs become $160 per hour per year (assuming an interest rate of 
7.5%). One reason the costs are high is the use of expatriates for 
several phases of program production. If the expatriates could be 
replaced by Nicaraguans, the costs would be halved. The personnel 
involved in producing 150 new 30-minute radio lessons and revising 
150 other lessons are: 3 full time personnel for sciriptwriting, 
3 half time personnel for curriculum design, 1 full tiaie artist for 
design and preparation of workbooks, 1/2 full time person for writing 
teacher guides, 3 half tJae personnel for management, «nd 2 full time 

personnel for evaluation. 

Table IV.2 summarizes production costs for radio and television^ 
from several proj ects . From these proj ect experiences , it would seem • 
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TABLE IV. 2 
PROGRAM PRODUCTION COSTS 



Number of 
Program- 
ming 
Hours® 



Annualized 
Facility 
Costs^ 
(In 1000s 
of 1972 $) 



Annualized 
Equipment 
Costs'^ 
(In 1000s 
of 1972 $) 



Recurrent 
Costs^ 
(In lOOOs 
of 1972 
dollars) 



Average Cost 
per hour^ 
(In dollars) 



Instructional Television 
El Salvador 333 

Kagerstown 1440 

Telesecundarla 1080 

Korea 

Stanford 6290 
Open University 288 

Instructional Radio 
Rad lopr Imar la 95 
Nicaragua 50 
Korea 



22.70 
40.13 
12.6 

47.25 



231.0 (33) 540.0 
209.9 (107.7) 847.5 (68) 
44.3 472.8 



34.06 



489.9 (183) 



0.8 



2.4 



1153* 
762 
490 
1704 
91 
3695* 

29.7 133* 
160.0 (10) 1232* 
96 



ERIC1 



^hls Is the number of hours produced or revised In a year. It la not 
necessarily equal to the nursber of total hours broadcast to students. 

facility costs are annualized at 7.5% with a 20-year life. ™ 

^Equipment costs are aiinuallzed at 7.5% with a 10-year life. Vldietotapes 
are Included as equipment but assumed to haye a 5-year life.; 
total value of videotapes Is reported in parentheses. i_ 

^The major component of recurrent costs is salaries of production 
personnel. Where possible, the number of full tine^ 
Involved In production will be reported In par€nttthe8ie8.^^^'^^^^^^^^^^^^^^^^^^^^^^^ 

^Sornc projects use live program production and others rely on tapes. 
Whan programs are revised from one year to the nexty a 3^ 
will be assuined for all programiB. Those instaiice^ wii^ 
life is assumed are marked by an asterjlsk (*);^^^^ 

"■:7v5%-:;i8' used. . • -^'-^ ■^•■'^;--:P::'vH^-^ . 
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roasoniiblf to aflfuime production coRts of ?100 to $3,500 per hour for 
ttvlevlMlon and $100 to $1»200 per hour for radio. 

These experiences with costs may be complemented by cost estimates 
for single studio facilities. Jamison with Bett (1973) estimate that 
a TV facility could be established for $20,000 and a radio facility 
for $5,000. Bourret (1973) has estimated a cost of $25,000 for equipment 
for a simple television studio. In the establishment of a community 
radio station in Canada, costs for radio station eqxiipment were estimated 
at $11,000. Assuming a construction cost of $50 per square foot, a 
television studio facility (5,000 sq. ft.) would cost $25,000, and a 
radio studio facility (1,000 sq. ft.) would cost $5,000. Adding 
maintenance costs of 10% of equipment investment and annualizing 
facility expenses for a 20-year period and equipment expenses for a 
10-year period, total annual costs would be $8,600 and $1,220 for 
television and radio respectively. 

For 300 hours of programming each year, this would result In costs 
of only $29 per hour for television and $6 per hour for radio. However, 
equipment and facility costs are the smallest portion of total costs 
for prograiraning. The major component of production costs is derived 
from personnel salaries. Assuming salaries of $5 per hour for adminis- 
trators (2 hours of time per course hour) , $3 per hour for teachers 
(10 hours of time per course hour) , and $1 per hour for technicians 
(1.5 hours of time per course hour), personnel costs could range from 
$42 per hour (1 administrator, 1 teacher, and 1 technician) to $173 
(2 administrators, 5 teachers and 2 technicians). Total costs for 
television could range from $71 to $202 per hour and from $48 to $179 
per hour for radio. This estimate diverges considerably from project 
experiences and is a result of the assumption of very simple facilities 
and equipment and a possible underestimation of time input and salaries. 
The high time input is estimated to be 55 hours. Jamison with Bett 
(1973) estimate ranges of 32 hours to 320 hours of personnel time for 
each hour of original broadcasting. The salary estimates may be changed 
for different circumstances. 
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The production costs for television are high. The high costs are 
Incurred because of a desire for local control of programming. The cost 
of thlH local control can be estimated by comparing the production costs 
of .Table IV- 2 with program rental charges. As an example, for the 
1974-75 school year the National Instructional Television Center (1974) 
was charging base rates of $32 per 15-minute program and $48.50 per 
30-minute program with an additional charge of $1.40 per 10,000 students 
(in all grades in the district). This charge allows for unlimited viewing 
during a week. Average hourly costs for program rentals would be $100. 
It would appear to be useful to investigate alternative program sources 
for suitable courses due to the significantly lower production costs. 

Transmission 

Transmission system al t ernative s. There is a wide variety of trans- 
mission systems possible for television and radio. The transmission 
system delivers the signal from the broadcast origination point to 
the reception point. In general, transnission systems have two major 
components. The transmitter feeds the signal directly to the 
receivers. The interconnection component links the transmitters and 
the broadcast point. 

Transmitters Include satellites, airplanes, aerostats, terrestrial 
stations, and cables. The first four alternatives may be viewed as 
alternative means of increasing the altitude of the transmitter to 
provide a larger coverage area and reduce signal interference caused by 
high natural or man-made structures. An aerostat, as used in Korea, 
is a tethered helium-filled balloon with aerodynamical lift. Terrestrial 
stations rely upon transmitter towers (2,000 feet appear to be a reason- 
able limit for tower height), which are often mounted on mountain tops 
or high buildings to Increase the coverage. These four choices all 
involve open circuit transmission of the signal. The frequency of the 
signal may not be the same as the frequency received by standard receivers t 
and frequency converters may be necessary at the reception points. This 
system can limit access to the broadcast by raising the price of recep- 
tion. Satellite transmission is typically at higher frequencies than is 
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standard for receivers. The Stanford ITV system deliberately broadcasts 
at. ;i hlnh frequeiicy from their mountain-based terrestrial station to 
limit access. Cables are excellent means of limiting access to the 
programs and providing a higher quality signal by eliminating many of 
the causes of interference. 

Interconnectors include satellites, airplanes, aerostats, microwave 
relays, and videotape shipment. Many combinations are possible among 
transmitters and interconnectors to form transmission systems (clearly 
some of the combinations are senseless). As an exaii?)le, terrestrial 
stations may be connected by any of the interconnector options while 
satellites when used as transmitters would not require any interconnector. 

Some of the important factors which affect the cost and choice 
of the transmission system are: quality of signal, ratio of receivers 
to population, percentage of population covered, population density, 
area, terrain, existing transmission facilities, type of educational 
facilities, and other telecommunication needs of the country. Butman 
(1972) reports that Grade A coverage (high quality signal) will be 
three times as expensive as Grade B coverage (moderate quality signal). 
Rath j ens (1973) reports much higher percentage cost increases to cover 
low population density areas of Brazil and India. with terrestrial 
transmitters and microwave relays than with satellite transmitters. 
Terrain seems to affect the choice in Korea as aerostats at altitudes 
of 10,000 feet provide Grade B coverage for a radius of 90 miles while 
Butman (1972) discusses a radius of 70 miles obtained with a 1,000 -foot 
tower. 

Basic cost information . We will not attempt to provide a detailed 
discussion of the costs of each transmitter and interconnector or an 
estimate of the sensitivity of costs to each of the factors mentioned 
above. However, we will provide some basic cost information for some 
of the choices and then discuss results of optimization and tradeoff 
studies of transmission systems for specific applications. 

When satellites are used as transmitters (direct broadcast satellites) 
the satellite cost is significantly higher than the instance when 
satellites are used as interconnectors. The higher cost of the satellite 
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Is attributed to the higher power output required to broadcast directly 
to standard receivers. For India, Butman, Rath j ens, and Warren (1973) 
estimated a cost of $25 million dollars for a direct broadcast satellite 
and $12 million dollars for a satellite used as an Interconnector. Even 
though the direct broadcast satellite has higher power, special 
equipment is necessary at each reception point to amplify the signal 
and to modulate the frequency of the signal. The ASCEND (1967) study 
estimated a cost of $300 for this equipment. Butman et al. used the 
same estimate although they mentioned that costs for this equipment 
In India appeared to be In the range of $250-$675. 

In Korea, the capital costs In 1975 for the aerostat system 
Installation are estimated to be: 



Aerostats 


(2) 


$2.16 million; 


Television Transmitters 


(4) 


$1.48 million; 


Radio Transmitters 


(2) 


$ .4 million; 


Telemetry Command 


(2) 


$1.37 million; and 


Miscellaneous 




$1.10 million. 



It is interesting to note that the Koreans estimate that a duplicate 
system would cost 75% more in 1976. The other interesting point to 
note is that television transmitters cost nearly twice as much as radio 
transmitters for the same coverage area. 

This relationship between costs of radio and television coverage 
also appears at lower power ranges. Jamison with Bett (1973) reported 
prices of $5,000 for a 5-watt TV transmitter and $2,500 for a 10-^tt 
FM radio transmitter. In combination with a 100' antenna costing 
$6,000, the line of sight is 10 miles. 

There are many variations in costs of terrestrial transmitters. 
For a four-channel television system, Stanford invested $134,000 for 
a 10-watt transmitter on top of a 2,000-foot mountain, which covers 
half a circle of 25-mile radius with only 7 watts and uses directional 
beams of 1 watt to reacfa 50 miles. This transmission Is a very high 
frequency and each reception point requires special front -end equipment 
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(antenna and converter) costing $1,350. For other terrestrial trans- 
mitters, Bourret (1973) reports that the VERTA project in the 
Philippines was able to purchase a 5-kilowatt transmitter and antenna 
for $40,000 and can cover an area with a 50-mile radius. 

The Hagerstown television system is unique iu-^the utilization- 6f 
a dedicated six-channel ca|>le system to transmit to 45 schools in a 
268-square mile area from the central studio. The cable is leased 
and costs $164,000 per year. 

Microwave relays are a frequent choice for an Interconnector device. 
Butman (1972) estimated a cost of $4,000 per mile for a microwave relay 
in India. Butman also reported that a system in Ethiopia cost $6,000 
per mile. Sovereign (1968) assumed that terrestrial transmitters would 
be 30 miles apart and that a one phannel television system would cost 
$1,733 per mile, a two-channel system $2,177 per mile, and a. four-channel 
system $2,930 per mile for the microwave relay. Hundreds of audio chapnels 
can be carried as an alternative to one television channel. 

For satellite interconnectors, Butman, Ratbjens, and Warren (1573) 
estimated a cost of $12 million for India. However, each transmitter 
would require an additional $150,000 in equipment to receive the signal 
from the satellite. Janky, Potter, and Lusignan (unpub.) analyzed the 
following tradeoff costs between transponder power and. transmitter 
receive antennas for a three satellite-six transponder configuration: 

I Capital Cost Transponder Antenna 

Per Transponder Power Cost 

n.a. 5 watts $66,000 

$4.9 million 20 watts $ 9,300 

$9.6 million 50 watts $ 5,800 

These data allow one to determine the number of transmitter sites 
necessary to justify additional expense on the satellite. This is one 
type of tradeoff dedaion which can be undertaken in minimizing trans- 
mission system cost. Other decisic-ns are discussed in the next section. 

Optimization and tradeoffs . It was mentioned earlier in the section 
on transmission that existing transmission facilities may determine the 
choice. For example, Radioprlmaria is charged $14.40 per hour for radio 
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facilities that are underutilized during daylight hours. Mayo, McAnany, 
and Klees (1973) reported a cost of $2,100,000 for a one-channel 
television transmission system to cover a 100,000 square mile area 
in Mexico. However, they also reported that charges from commercial 
stations would be $318 per hour for the same area and $1,944 for a 
767,000 square mile area (the entire country). Assuming a 10-year 
life at a 7.5% interest rate for the transmission system used in 
education, the education system should only buUd its own system if 
broadcast exceeds 964 hours per year. 

An interesting example of optimization can be discussed by examining 
the Hagerstown system. Assuming a 20-year life at a 7.5% interest rate 
for the cable, the total capital cost would be $1.68 million. Thls-cost 
is for a transmission system to cover an area with a radius of 10-15 
miles. According to Jamison with Bett (1973) low-power transmitters 
to cover the same area with six channels would cost approximately 
$50,000. However, the cable choice, while more costly, may still be 
necessary when several channels are desired and the open circuit 
frequency band is crowded. The Hagerstown system was begun in 1956. 
Technology has changed since then. The Stanford ITV system, begun in 
1969, utilized open circuit broadcast on very high frequencies and 
avoids the open circuit interference problem. A four-channel system 
for Hagerstown would cost $134,000 for the transmitter, $200,000 for a 
2»000««foot tower (Butman, 1972), and $60,750 for antennas and convertzers 
for the 45 schools. This is a significantly lower investment than for the 
cable system. 

In a more general optimization analysis, Butman (1972) reported 
costs for different heights of transmitter towers and transmitter power 
and found that the minimum costs would occur using a 1,000-foot tower 
and a transmitter of sufficient power to reach an area with a 70-mile 
radius. This coverage could be obtained for $35 per square mile when 
grade B coverage is required. 

A tradeoff that Is often analyzed in satellite fe«mibility studies 
is between direet broadcast satellites (D), terrestrial transmitters 
with satellite inter connector (R), and terrestrial transmitter with 
microwave inter connector (T). In analyzing these tradeoffs Ratteens 
(1973) used the following assumptions regarding costs: 
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Terrestrial Transmitter 



$500,000; 



Receiver for rebroadcast from 
satellite Interconnector 



$150,000; 



Front-end augmentation for 
classroom receiver from 
satellite transmitter 



$250; 



Low-power satellite 
(interconnector) 



$12,000,000; 



High-power satellite 
(transmitter) 



$25,000,000; and 
$4,000/mile. 



Microwave relay 



The capital cost associated with the terrestrial transmitter covering 
an area of approximately 10,000 squafe miles Is derived from Butman's 
(1972) optimization analysis. Assuming that the terrestrial transmitters 
are 100 miles apart, Rathjens derived the following equations for the 
capital costs of the three alternatives: 

Direct Broadcast Satellite 
Cj^ » 250N + 25,000,000 
where N is the number of receivers; 

Terrestrial Transmitter with Satellite Relay 

C„ - 65A + 12,000,000 
R 

where A is the total area to be covered; 

Terrestrial Transmitter with Microwave Relay 
« 90A - 400,000 . 

The tradeoffs among the three systems for different areas and 
number of receivers are shown in Figure IV. 1. The figure reveals the 
combinations of area size and number of receivers for which each system 
is optimal. The solid lines dividing the three areas are the locus of 
points of equal cost. Superimposed upon this figure, Rathjens has shown 
the optimal systems for varying population coverage in India^ Brazil, 
and Ethiopia. With an assumption of one receiver per 1,000 people 
the direct broadcast satellite is never an optimal choice in India. 
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AREA 

(OOC's of square miles) 

o 100% of population □ 50% of population 
+ 90% of population V 25 % of population 
A 75% of population 

Figure , iv-i 

Coverage Curves -Base Cose 
One TV. Receiver per 1000 People 

Source: T.W. Rathjens. Communications for education In developing 
countries. In Batman, R.C. , Rathjens, -6iW. and Warren, C. 
Techno-economlc considerations in public senritce broadcast 
communications for developing countries;:- Acadony 
Educational Development; Report Number Nine, 1973, p. 1<-14. 
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The terrestrial transmitter with microwave relay Is optimal up to 

the point of covering approximately 60% of the population. For higher 

coverage, the terrestrial transmitter with satellite relay system 
becomes optimal. 

Reception 

The main components of reception costs Include: receivers and 
related equipment such as antennas and cable; power supplies; and 
printed support materials. 

Receivers. There Is a wide variety of receivers available for 
television and radio signals. In choosing a receiver, consideration 
must be given to maintenance requirements, reception quality, and power 
requirements. 

Receivers for radio are less expensive than television receivers. 
Jamison with Bett (1973) use a figure of $10 per set for radio (AM 
reception only) and $200 per set for a 23" black-and-white television 
receiver. 

Consumer Reports (1975) provided an Interesting comparison of AM/FM 
receivers In the range $25-$60 (list price In the U.S. In 1975). This 
comparison gives some Indication of the relationship between initial 
price, battery life, and three Important design characteristics: tone 
quality, sensitivity (ability to pick up a weak signal), and selectivity 
(ability to receive a station without interference from another station). 
Sensitivity Is Important, as a trade off exists between trmsmltter 
power and receiver sensitivity. In planning a project and attempting 
to promote use of the program, It may be desirable to use a transmitter 
with higher power to induce the purchase of lower-cost receivers with 
lower sensitivity. Selectivity Is Important In areais with multiple 
channel broadcasting on closely spaced frequencies. 

The general characteristics of the radio receivers tested by 
Consumer Reports are: little variance in AM sensitivity and increased 
FM sensitivity, AM and FM selectivity, and tone quality with price. 
All models used four C-slze batteries. The battery life was tested by 
playing the radio for four hours per day at high volume (conditions 
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that would be similar to classroom use). The batteries, which have a 
replacement cost of approximately $1.00 for four batteries, lasted from 
six to twenty-four days. 

Assuming a 5-year life for radios, a $60 radio would have an 
annual cost of $14.82 (at 7.5% interest). Annual costs for batteries 
would be $12.00 assuming four hours per day for 240 days, a 20-day 
battery life, and a replacement cost of $1. From the Table IV, 3, one can 
see that a reduction in price will reduce some dimension of receiver 
quality. The price of radios in this analysis is higher than the price 
commonly used in analyses for developing countries, as these countries 
often use sets which receive AM frequencies only. In choosing an 
AM receiver, the same consideration should be given to battery life, 
tone quality, selectivity and sensitivity as the comparison presented 
in Table IV. 3. 

Television receivers can be expected to cost nearly ten times as 
much as radio receivers. Bourret (1973) and Jamison with Bett (1973) 
use figures of $200 for a 23" black and white television set. Hagerstown 
(see Chapter IX) has been paying an average price of $150 per set. In 
the Ivory Coast, the price has been approximately $320, This price 
may reflect a discount from list prices. List prices are reported 
for television receivers as for most other equipment. Retail discounts 
of 10-20% are not uncommon and one might expect discounts on quantity 
purchasing directly from manufacturers. 

Factors that are of importance in choosing a television receiver 
are picture size, set electronics, and maintenance. Sensitivity for 
reception can be influenced by choice of antennas. Antennas have cost 
approximately $320 in the Ivory Coast. Jamison with Bett (1973) 
estimate a cost of $660 for an antenna, mount, amplifier, converter, 
and cable. For the Stanford ITV project (see Chapter VIII ), costs 
for the antenna, amplifier, frequency converter, and cable have 
been $1,350. Costs are higher for the latter two examples as addi- 
tional equipment is needed to amplify the signal and convert the signal 
to frequencies used by standard television receivers. Prices vary 
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TABLE IV. 3 

AM/FM RADIOS : PRICE, QUALITY, AND BATTERY LIFE 



Model 


Price* 


m 

Sensi- 
tivity 


m 

Selec- 
tivity 


AM 

Sensi- 
tivity 


AM 

Selec- 
tivity 


Tone 
Quality 


Battery 
Llfe^ 


Panasonic RF900 


$60 


VG 


6 


VG 


P 


G 


17 


Sony TFM7250W 


$45 


6 


VG 


VG 


F-G 


F 


6 


Penneys 1860 


$50 


6 


F 


VG 


F 


G 


10 


Hitachi KH10A7H 


$50 


F 


VG 


VG 


F-G 


P 


20 


Sears 22696 


$25 


P-F 


G 


VG 


P 


P 


19 


Magnavox RD3035 


$45 


F 


P-F 


VG 


6 


F 


18 


Juliette FPR1286 


$40 


P-F 


F 


G 


6 


P 


18 


Lloyds NN8296 


$30 


P-F 


F 


G 


P 


P 


21 


Lafayette 1702349L $28 


P-F 


P-F 


VG 


P 


F 


10 


Soundeslgn 2298 


$29 


F 


P-F 


VG 


P 


P 


24 


Source: Consumer Reports 


, July, 


1975, p. 


438-439. 









Key: 



P - Poor, F - Fair, G - Good, VG - Very Good. 
^Ist price In 1975 U. S. Dollars 

^Llfe (In days) of four C-type batteries when set Is operated for 
four hours per day at high volume 
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with picture size. For example, Panasonic has the following list prices 
for black and white, solid state receivers: $95 — 9-inch screen; $100 — 
12-inch screen; $150 — 16-inch screen; and $160 — 19-inch screen. These 
are representative of industry prices. 

The decision whether to use a set with a solid state circuit or 
one with heavy rriliance on tubes has important implications. At present 
a tube set will cost approximately 30% less than an equivalently sized 
solid state set. Through the use of printed, modular circxiltSj a 
solid state set will be easier to maintain. In areas where alternatives 
to mainline power must be sought, the fact that a solid state set requires 
60% of the power necessary to operate a tube set can be important. A 
19-inch solid state set requires 54-60 watts whereas a tube set would 
require 95-100 watts. However, a solid state set is much more sensitive 
to fluctuations in line voltage. A solid state set, while requiring 
less power and being more easily maintained, has a higher purchase price 
and will require more expensive equipment for voltage regulation than a 
tube set. 

The power requirements could be substantially reduced by using a 
set with a smaller picture tube. A 9- inch solid state set would require 
only 32 watts. Panasonic produces a portable television receiver with 
a 5-lnch tube and an AM/FM radio for $200. The television and radio are 
operated by a rechargeable 12-volt batteiry which has a life of 500 hours 
and operates for 5.5 hours between charges. However, small tubes are 
totally unsuitable for regular classroom viewing. 

Power sources . Many areas of developing countries receive no 
electrical power from mainline sources. For these communities, alterna- 
tive power sources must be found if television receivers are to be used. 
Radio receivers are more readily available for battery operation. However, 
if a power source is available, it is preferable to have adaptable 
receivers, as battery operation tends to be expensive and radios have 
a low watt requirement. In the Ivory Coast, batteries used to provide 
power for a simple television cost approximately $500 and last for 
2,000 hours; this is about 60 times as expensive as mainline power. 
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dearly an expensive method of operating television receivers. Jamison 
with Bett (1973) suggest the possibility of standardizing motor vehicle 
batteries and using the vehicle to recharge batteries. 

There are several alternative power sources that may be considered 
for providing power in local communities. Rao and Manjunath (1972) 
investigated solar cells, thermoelectric generators, fuel cells, wind 
power generators, water power generators, manual power generators, 
animal power generators, electrical power lines, engine generators, and 
closed cycle vapor ! turbogenerators In an analysis of power sources for 
villages in India. They dismiss the first three alternatives as 
impractical due to high cost, and the next four alternatives as 
impractical due to lack of reliability. Their cost analysis is 
concentrated on power lines, engine generators (gasoline, diesel, and 
kerosene), and vapor ; turbogenerators . 

Ayrom (1975) discussed chemical cells, solar cells, thermoelectric 
generators, wind power generators, vapor turbogenerators, and diesel 
generators for reception points In Iran. He concentrated his analysis 
on vapor turbogeneratojcs and diesel generators, as the other choices 
were assumed to be lnq>ractical. 

Jamison with Bett (1973) analyzed costs of power derived from power- 
lines, gasoline generators, wind power generators, manual power generators 
and animal power generators. 

Important factors in the choice of a power source are: power 
requirements, capital cost, life of source, maintenance expense, and 
reliability of power source. Different analyses have made different 
assumptions regarding power requirements. Rao and Manjunath (1972) 
assumed a need for 170 watts to run a 65-watt television receiver, a 
5-watt front end converter, and illumination of 100 watts. Ayrom (1975) 
assumed a continuous power need of 980 watts for four 215-«mtt radio 
receivers (a high estimate) and 120 watts for other eqiuip^t, and.aa . 
intermittent need of 480 watts for Illumination and 3,000 watts for v r 
air conditioning. Jamison with Bett (1973) assumed 115 Watts for , ^_ 

equipment consisting of two 40-watt television receivers, forty .2-watt, ;. 
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radlo receivers, a 5-watt radio receiver, a 10-watt front end converter, 
and twelve 1-watt disc players. They also considered 200 watts for a 
minimum lighting package and 800 watts for an adequate lighting package. 
It seems reasonable to assttme that a need for 500 to 1,000 watts of 
power might be expected. When local power- generating equipment is 
used it may be desired to provide power for the receivers only. This 
would significantly reduce the power requirement. 

Capital costs vary greatly for different types of equipment. For 
generators delivering the same amount of power (3 kilowatts) Rao and 
Manjunath estimated capital costs of $675 for a diesel engine generator, 
$400 for a kerosene engine generator, $475 for a gasoline engine 
generator, and approximately $3,000 for a turbo-engine generator. 
Capital costs also vary by country, Ayrom (1975) estimated a capital 
cost of $3,000 for a 2-5 kilowatt diesel generator and $10-12,000 for 
a similarly powerful turbo-engine generator for Iran. While turbo- 
generators have higher initial costs, Ayrom (1975) and Rao and Manjunath 
(1972) claim substantially longer lives (20 years for a turbogeneratdr, 
1 year for a gasoline generator), and lower maintenance (1/5 of the 
maintenance required for diesel generators). 

Reliability of power source is determined by fuel availability for 
gasoline, diesel, and kerosene engine generators. Pedal generators 
depend upon availability of manpower. Wind is necessary for wind power 
generators. The unreliability of wind In Iran and India eliminated this 
alternative from discussion. For example, wind generators commonly need 
winds of 20-25 miles per hour to reach full capacity. 

A final Important consideration is a means of storing power 
developed by the source. Carter (1975) reports on the use of truck 
batteries for storage and estimates that 10 fully charged batteries at 
a cost of approximately $1,000 would deliver 65 kilowatt-hours: of power 
(enough power for a school for 4 to 5 days). The batteries used; for 
television receivers in the Ivory Coast store approximately, 
hours and cost $500. However, to charge these batteries, a wind of 
20-25 m.p.h. would have to occur for 30 hours if one were using the 
2,500-watt Dunlite windmill, which costs over $6,000. 
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Table IV. 4 provides a summary of costs and requirements of alterna- 
tive power systems. The following Information Is provided In the table: 
type of power source, capital cost, lifetime of equipment, maintenance 
costB for 1,000 hours of operation, fuel costs per hour of operation, 
and annual costs. Annual costs are derived by calculating annualized 
values of capital equipment and assimilng a need for 3,750 kilowatt -hours 
per year (1.5 kilowatts, 10 hours per day, for 250 days). 

From Table IV. 4, the best choice would appear to be turbogenerators 
when more than 3 miles of power line are necessary (assuming a cost of 
$.05 per kllowatt-hour for powerllne electricity). Turbogenerators have 
longer lives and require less maintenance than alternative generator 
sources. An additional advantage to the turbogenerators Is that any 
type of liquefied petroleum-based fuel may be used. Using dlesel fuel, 
assuming the use of a 1,000-gallon storage tank (a one-year fuel supply), 
and adding Installation costs of $1,000 (annualized over a 2-year period) , 
the turbo-generator would cost approximately $1,100 per year. The wind 
generator would be cheaper but potentially unreliable In some areas. 

The power costs have been estimated for a very high utilization rate 
of 2,500 hours per year and 1.5 kilowatts per hour. A more realistic 
estimate may be to assume a 7-hour day, 200-day school year for a total 
of 1,400 hours. Energy demands may be for only .5 or 1.0 kilowatts per 
hour. Table IV. 5 gives annual costs for a few of the power sources for 
different demand requirements. Assuming that the placement of a powerllne 
Is unfeasible, the turbogenerator remains the optimal choice fcr local 
power generation. The costs range from $800 for a low utilization of 
500 watts per hour for 1,400 hours per year to $1,100 for 1,500 watts 
per hour for 2,500 hours per year. ^ : 

Printed material . An important fraction of the cost of Instructional 
radio or television systems can be In the provision of the accompari 
printed material. Estimates of the cost of printing a hljghr-quallty 
hardbound book and work-book quality material are provided. 
that the estimates In this section are for the purpose of getting a 
general picture of what costs are possible; analysis for any ^^^^^^^^ 
country would need to look In detail at local costs ^md opportunities . 
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TABLE IV.4 (continued) 



^uel costs are asstxmed to equal $1.00 per gallon for gasoline and 
$.75 per gallon for dlesel fuel. The vapor turbogenerator Is assumed 
to be as expensive to operate as the dlesel engine. These approximate 
relationships In fuel prices are drawn from Rao and Majunath (1972). 
Honda engines use one-half gallon per 90 minutes at peak conditions. 
Diesel engines are assumed to have 1.5 times the fuel efficiency of 
gasoline engines. . • 

^Annual costs are calculated by deterMnliig the appropriate number of 
units necessary to produce the required power of 1; 5 kilowatt hours for 
2,500 hours of operation each year. For ex£unple> 2 Honda 800 engl^ 
would be used for 2 years and operated at full power. At 7.5% the annual- 
ized cost is $278.50. Maintenance for the year is- added and is equal to 
2.5 times the tnaintenance f or 1,000 hoiirs. Fuel costs ace given per hour 
for peak output. A linear relationship Is assumed -between; power 
and fuel consimxption. For example, to* provide 1.5 kilowatts per hour, 
a Honda 2,000 would need to be operated at only .75 of its capacity and 
hence full costs would drop to .525 per hour. 

^Honda' generators need a minor tuneup every 100 hours (assumed to 
cost $10 for all units) and a major tuneup every 1,000 hours (assumed to 
be 10% of. initial investment). 

Diesel engines are assumed to be 1.5 times as expensive as gasoline 
engines for the same power output . This is the approximate price ratio 
for much larger engines produced by Ford Motor Co. The dlesel engines 
are assumed to have a longer life than gasoline engines and require a 
major tuneup every 1,000 hours. The engine is more complicated and the 
tuneup is assumed to be 15% of initial purchase price. 

^sing Ayrom's (1975). estimates for the relationship between dlesel 
. engines and turbo engines, the turbo engine is assimied to- cost four times 
as much as a dlesel^ require 1/5 the maintenance of the^^^.d 
an average life of 20 years. The turbogeaierators may use a^ 
liquefied fuel Including gasoline, kerosene, dlesel, propane, ^a^ 
As diesiel fuel is usually the cheapest available, this fuel will ^.^^^^ 
for the calculation. 
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TABLE IV. 5 

ANNUAL POWER SOURCE COSTS AND UTILIZATION RATE 



T6tal Iiisttuctlonal Hours 

1400 2500 
Eiiergy demand per hour Energy demand per hour 
(In kilowatts) (In kilowatts) 

0.5 1.0 1.5 0.5 1.0 1.5 



Gasoline^ 


$715 


$837 


$959 


$992 


$1210 


$1430 


Diesel* 


$722 


$783 


$844 


$984 


$1093 


$1204 


Turbogenerator* 


$625 


$686 


$747 


$716 


$825 


$934 


Powerline^ 


$70 


$140 


$210 


$125 


$250 


$375 



($.10 per Whour) 



Annual costs exclude a 1000-*gallon storage tank costing $8009 with a 
20-7ear life and installation axid construction costs of $1000. Costs 
should be increased by $180 per year for each of these ieiLternatives. 

^Powerline installation costs must be added at $300 per mile per year. 
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The book costs we present are those for production In Taipei, Republic 
of China, and probably reflect the mlnlmtim feasible costs. 

Table IV. 6 provides a detailed breakdown of the cost of producing 
a high quality 500-page hardbound book In Taipei and of shipping the 
book 4,000 miles. The costs are recent (late 1972) estimates from a 
printer In Taipei, and Include his profits. The costs do not Include 
typesetting, and assume that the material to be printed Is In a form 
suitable for photo-reproduction. It should be kept In mind that these 
set up costs can be significant for small runs. Production In quantities 
of 1,500 results In a price of less than $160 per copy or $.0031 per 
page. The authors have handled books produced by this printer at the 
quoted price and the quality Is high Indeed. One of the authors 
purchased a lower qxiallty 2-volume set (totaling 1,800 pages) at a 
bookstore In Taipei several years ago at a per-page cost of $.0014. 
It should be stressed that at a production level of 1,500 copies most 
economies of scale have been realized; the price per copy would drop 
only about 2% If the production level were doubled to 3,000 copies. 

The price per page Is, however, rather sensitive to the number of 
pages per volume because of relatively large fixed binding and handling 
charges. From Information In Table IV, 6 we can derive the following 
approximate cost equation for the cost, , of a voltime having P 
pages (with P between 250 and 750). Costs are expressed In U.S. 
dollars, and are Increased 25% from what the table would Indicate, 
to account for probable cost changes since that time. 

IV. 6 C^(P) - .94 + .00125 P . 

The cost per page, C^ , Is simply C^(P)/P ; for a 250-page volume 
Is $.005 and for a 750 page volume is $.0025. 

We have less up to date information available concerning the price 
of workbooks. M. Jamison (1966, pp. 76-80) surveyed printing costs at 
that time and concluded that a 250-page paperbound workbook with 8 1/2" 
by 11" pages would cost less than $.00167 per page. This is approximately 
40% of the cost estimated above for a iiigh qtiality hardback of equal length 
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TABLE IV. 6 

COST OF BOOK PRODUCTION IN TAIPEI, REPUBLIC OF CHINA^ 



Item 



Contmexit 



1. Quantity: 

2. Number of pages: 

3. Size: 

4. Cost of Printing 

and Paper: 



3. Binding: 



6. 
7. 



lySOO copies 
500 pages 

6" X 9" (Thickness about 1-1/2") 

By photo-offset y printed in black and white 

Paper - 80 lb. woodfree 
$041.02 per ream 
$041.02 X 40 reams » $690 

$0,001 per page 

$0,001 X 500 pages » $.50 per copy 

Sewn in doth bound 
$.425 per copy 



Book Dust Jacket: $.05 per copy (optional) 



Plastic Nkterproof 
Packing Bag: 



8. Factory Price: 

9, Packing: 

10. Freight: 

U. Miscellaneous: 

12. Total Price: 



$•05 per copy (optional) 
4+5+6+7 

$.50 + $.425 + $.05 + $.05 - $1,025 per copy 
$1,025 X 1,500 copies « $1,537.50. 

Packed In export standard carton boxes 

Each carton contains 20 copies 

$.50 per carton or equivalently $.025 per copy. 

$.0625 per copy from T.^iwan to U.S. West Coast. 

Inland transportation, custom broker ^ load£n$ 
charges. Insurance, and handling charges, etc. 
$.0875 per copy. 

8 + 9 + 10 + 11 

$1,025 + $.025 +$.0625 + $.0875 - $1.2 per copy. 



Source: Price quotations from a Taipei printer, 1972. 
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This $.00167 was estimated on what the author felt to be conservative 
asstnnptlons, and he cites a study by Wilson, Spauldlng, and Smith (1963) 
that concluded that there exist abundant, now wasted, raw materials 
for paper In developing countries that could be used as Inputs to the 
production of very low-cost workbooks. 

As a comparison to these estimates the cost per printed page for 
the television system In Korea (see Chapter x) appears to be $.0021 
per page with run sizes In the tens of thousands. This cost Is lower 
than our estimates In Table IV. 6. 



In the first section of this chapter, a general cost function for 
educational technology systems was specified. The second section was 
concerned with cost estimates for many of the variables In the equation 
with costs drawn from project experiences and planning studies. In 
this section, the cost function Is combined with the data, and examples 
are presented for a radio and a television system. The examples are 
meant to be realistic, although a more careful cost analysis for a 
specific situation may reveal differences. 

The estimates of costs £or the determining variable of the cost 
function are reported in Table 17.7. The cost function equations are 
repeated for convenience, the reader should refer to Table IV. 1 for 
variable definitions. 



3. 



COST FUNCTION EXAMPLES 



IV. 1 




IV. 2 



C 



c 



a(r, n) C-„ + C. 



IV.5 C^ 



IV. 3 



IV. 4 Cj 



C 



P 



+ 



a(r,np) [a(r, n^^) Cp^ + a (r, np^) Cp^ + Cp^] . 

^> * ^^'^TF^ ^TF ^TA • 

a(r,nj^) N/^^ Cj^ + a (r,n^) SC^ + a (r, n^) SCj^ 
a(r, n^) e SC^ + (1 - e) h c^ + ehc^ + hCj^jj + a (r,n^) N b 
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TABLE IV. 7 
EXAMPLE VALUES OF COST COMPONENTS 



Variable 
N 

6 



^CA^ 



Cppg 



Se^ 



Sa^ 



CjgJ 



^TA^ 



(number of students) 

(total hour.9 of programming) 

(area of region) 

(printed pages per student) 

(students per receiver) 

(fraction non-electrlfled) 

(number of reception sites) 

(start up costs) 

(annual central admin- 
istration cost) 

(production facility 
capital cost) 

(production equipment 
capital cost) 

(annual production 
cost) 

(transmission equipment 
capital cost) 

(transmission facility 
capital cost) 

(annual transsdsslon cost) 

(receiver capital cost) 

(receiver-related 
equipment capital cost) 

(reception facility 
capital cost) 



Assumed Value 
for Radio 
200^000 

500 

31»400 sq.ml. 
(ICQ ml. radius) 

200 

70 



1,430 
$300,000 
$6Q,000 

$230,000 

$160,000 

$320,000 

$480,000 

$25,500 

$68»00O 
$20 

$40 



Aasximed Value 
for Televlalon 
200,000 

500 

31,400 sq.ml. 

150 
70 
.50 
1,430 
$300,000 
$80,000 

$2,316,000 

$1,571,428 

$540,000 

$1,570,000 

$26,000 

$177,000 
$200 
$320 

$1,100 



TABLE IV. 7 (continued) 

Variable Assumed Value Assumed Value 

for Radio for Television 

C^p (power generating equip- 

ment capital cost) - $3,300 

C q (hourly cost of power - $.05 

from power line) 

C r (hourly cost of power 

^ from power-generating $.025 $.186 

equipment or batteries) 

CjjjjS (hourly receiver $4 $40 

maintenance cost) 

(printed page cost) $.005 $.005 

n» Uppy (lifetime of project & 

p,jp, production, transmission 20 20 

& reception facilities) 

n • n^ (lifetime of programs 3 3 

P and books) 

n^ (lifetime of receiver) 5 5 

Upg, (lifetime of production, 10 10 

transmission, receiver- 
^e related iand power 

generating equipment) 

r (interest rate) 7.5Z 7.5Z 



See next page for footnotes 
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TABLE IV .7 (continued) 



^rogrannnlng is assxuned to be provided for 10% of the total instructional 
time of 1,260 hours (35 hours per week for 36 weeks) for students in 
four different grades. 

Radio is assumed to require more printed materials in conjunction w?th 
broadcasts than television, due to the lack of the visual channel. 

^Each receiver may be used by 2 classes with an average class size of 35* 

^It is assumed that there is only one class for each of four grades at 
each reception site. 

^Start up costs are expected to be the same for both types of systems. 
The cost includes basic project planning, feasibility study, and cost 
analysis costs. The start up costs were $335,000 in Nicaragua. Theae 
costs were probably unusually high because of the unusual nature of the 
project (primary school mathematics via radio with 40-50 student res- 
ponses per 20-mlnute lesson). 

^Project central administration is costing $60,000 in Nicaragua for 
radio and $80,000 in the Ivory Coast for television. 

^The production expenses are based upon El Salvador, which has been 
vaveraging approximately $2,900 per hour for television broadcasting, 
^^adio production expenses are based upon the recurrent expenses for 
Nicaragua and an estimate of equipment expenses, which are 10% of 
those required for television. Schramm (1967) estimates a cost of 
$250 per hour for radio in Thailand and the 10% assumption will keep 
the relative estimates for production costs similar to project 
experiences. 

Mayo, McAnany and Klees (1973) report that a transmission system to 
cover 100,000 sq. ml. for television in Mexico would cost $2,100,000. 
Butman (1972) estimates that under the best clrcimistances transmission 
for television would cost $35 per square mile. A figure of $50 per 
square mile Is used. The VESIA project in the Phlllpfiines (Bourret, 
1973) spent $20,000 for a 5 kilowatt transmitter and $20,000 for a 
10 gain antenna capable of covering a 50-mlle radius. Radio trans- 
mission costs are based upon the General Learning Corp. (1968) study. 
Costs are approximately 1/3 of the costs of television. This Is 
fairly typical even at lower power ratings. For example, Jamison 
with Bett (1973) quote prices of $2,500 for a 10-watt EM transmitter 
and $5,000 for a 5-watt television transmitter. 

facility expenses include a building for transmission equipment 
assumed to be 500 sq. ft. at $50 per sq. ft. and Installation 
expenses of $500 for radio and $1,000 for television. 
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TABLE IV. 7 (continued) 



Annual expenses are assumed to Include 10% of equipment Investment for 
maintenance expenses and salaries of $20 » 000 for four engineers and 
technicians. 

iHlgher prices are assumed to Insure good quality receivers. It Is 
possible that these values should be $10 for radio receivers (Jamison 
with Bett, 1973) and $150 for television receivers (list price for 
receivers In the United States) • 

^^Radlo receivers do not usually need any antennas. The figure for 
television receivers Is derived from the expenditure in the l^ory 
Coast. 

^Building modifications are assumed to cost $20 per classroom for 
radio and require $150 per classroom for television (Including a 
stand) and $800 for Installation. These estimates are derived from 
Jamison with Bett (1973). 

%o electrical power equipment is necessary for the radio system. 
For the television system, an 800-watt vapor turbo-rgenerator costing 
$1»500 is assumed to be used. This would be ample power to provide 
electricity for two sets as the watt requirement per set is only 60. 
Tlie extra power could be used for lighting. A i,000-gallon storage 
tank would cost $800 and an additional $1,000 Is assumed for installa- 
tion. 

Slainllne power is assumed to cost $.10 per kilowatt hour (Jamison with 
Bett, 1973, use $.06 and the cost in the Ivory Coast, is 
approximately $.11). The power requirement is assumed to be 500 watts 
per hour of operation. 

^Batteries for radio are assxmed to have a 40-hour life and cost $1.00 
to replace. The hourly operation for the television system includes 
maintenance at $.011 per hour and diesel fuel at .175 per hour* 

^Maintenance for receivers is assumed to cost 10% of total purchase 
price. There are two receivers at each reception point. 

^'This number is based upon the printing costs previously discussed. 
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The costs are then as follows: 



Co8t Element 



Radio 



Television 



TC/ 




C 



TCA 



c 



N 



12 ON 



$ 89,400 
$140,870 
$140,579 
$102,465 
$473,314 

$2.36 

$ .0188 



$ 109,400 
$ 383,617 
$ 408,768 
$ 821,742 
$1,723,527 
$8.61 



$ .0684 



The costs for a television system serving 200,000 students for 120 
hours per student are 3.65 times higher than costs fox radio serving a 
similar group. 

The total cost function can be put in the simple format of 
TC ■ F + VjjN + V^h . Asstmilng central costs to be fixed; production, 
tr£tnsmisslon, and reception power hourly cost to vary with the number 
of hours; £tnd reception costs with the exception of hourly pover costs 
to vary with the number of students, we have the following equations: 



Television: TC - $109,400 + 1,584.88 h + 4.10 N . 

The parameters of these h3rpothetical equations fall within the range of 
values obtained in the cases summarized In Chapter III. 



Radio: 



TC - $ 89,400 + 562.89 h + .51 N . 
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PART THREE 



CASE STUDIES 



In Part One of this report we discussed several methodological 
approaches to cost analysis and their problems, and In Part Two we 
applied this methodology to an examination of ongoing Instructional 
radio and television projects and to planning such projects In the 
future. Here, :tn Part Three, we present detailed case studies of two 
Instructional radio projects (in Nicaragua and Mexico) and five Instruc- 
tional television projects (in El Salvador, The United States, Korea, 
and Mexico), with a strong emphasis on a cost analysis of these projects. 
In all but one of the cases (El Salvador, where the cost data was 
gathered by Speagle (1972)), one or more of the authors has had first- 
hand exposure to the project and has gathered the cost data. An 
effort has been made to structure the cost analyses of the projects 
so that they are in as comparable a format as possible. In addition 
to an analysis and discussion of project costs, each case includes 
general Information describing the system and its operation, as well 
as a review of any evaluations of the system* s effectiveness that are 
available. Where possible we compare the costs and effectiveness of 
the Instructional radio or instructional television system with those 
of the existing traditional educational system. 

The general approach taken is the same as described in the 
Introductory remarks to Chapter III and we repeat those remarks here 
for tha convenience of the reader. All of the projects studied have 
been underway long enough to provide ongoing cost information. In 
all cases, however, the analysis is based on data subject to substantial 
error, and our divisions of costs into various categories Is sometimes 
based on incomplete Information and hence may be somewhat arbitrary. 
The reader should view our conclusions as approximations. 

To put the costs into a form that permits the projects to be 
compared with one another, we have done four things. First, we converted 
all costs into 1972 U. S. dollars by converting from the foreign currency 
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to U. S. currency at the exchange rate prevailing at the time the infor- 
mation was gathered » then used the U, S. GNP deflator to convert to 1972 
dollars (see Appendix A for the exchange rates and deflators used) • 
Due to differing relative prices in different cotsitries and exchange 
rate rigidities , there may be distortions introduced by this procedure 
(see Vaizey et al., 1972 , Chapters 15 and 16). Second, we use the 
same interest rates (social rate of discotmt) to evaluate each project* 
To allow examination of the sensitivity of the conclusions to the rates 
chosen, we use three values for the interest rate — 0, 7, 5%, and 15% 
per year*''' Third, we have attempted to include and exclude the same 
items in each cost analysis. We include central' administration costs, 
program production costs, transmission costs and reception costs. We 
exclude the costs of teacher retraining and printed material* Fourth, 
we have assumed common capital lifetimes for all projects — 20 years for 
buildings and start up costs, 10 years for transmission and studio 
equipment, and 5 years for receivers. 

For each project examined we derive an annualized cost function 
of the linear form presented in equation 1*2 in Chapter I; that is, we 
assume there to be. a fixed cost, F , a variable cost per student, 

, and a variable cost per programming hour, , so that total cost, 

TC(N, h) « F + V„ N + V- h , where N is the number of students using 
N n 

the sysuem and h is the number of programming hours provided in any 
2 

particular year* This simplified formulation takes as given the other 



we have Included an Interest rate of zero only to show the 
significant difference in estimated costs due to not discounting the 
future; using r « 0 is not a sensible alternative in evaluating 
project costs. 

2 

To be more precise, some costs may vary with the number of 
programming hours produced in any year, other costs may vary with the 
number of hours broadcast, while still others may vary with the niimber 
of hours of Instructional lessons a class receives (see the discussion 
in Chapter IV); the cost analysis of ongoing projects presented here 
is not this detailed and thus h will usually refer to the second 
definition, the number of hours broadcast* This yields a slightly 
Inaccurate cost representation, but it should be recognized that each 
definition of h is probably roughly in proportion to the other two, 
and thus the estimated costs are reasonably accurate. 
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cost determining system variable partlctilar to each system, such as the 
number of grade levels served » the geographical area covered, the 
fraction of receivers located in electrified areas, the quality of 
program production, the average class size. In a few cases we 

examine system costs as assimied changes in these variables occur. To 
the extent that we would want to know In detail the sensitivity of a 
project's costs to changes in the present configuration of these types 
of variables, more complex cost functions would have had to be estimated, 
such as those that will be described in Chapter IV for project planning 
uses. 

To obtain the values for F , Vjj , and , we allocated each 
cost into one of six categories: fixed, capital; fixed, recurrent; 
variable by student, capital; variable by student, recurrent; variable 
by hour, capital; and variable by hour; recurrent. Capital costs were 
then annualized using equation 1.3 of Chapter I, and the cost function 
was constructed by letting F equal the sum of all fixed cost components 

equal the sum of all variable by student cost components, and Vj^ 
eqtial the a\m of all variable by hour cost components. 

It should be noted that in some of the cost analyses that follow, 
the value F is quite low or even zero, as most Instructional television 
and instructional radio system costs are assumed to vary with N and 
h . More specifically, most production and transmission costs are 
assumed to vary with h while most reception costs are assimied to 
vary with N . It is usually only central administration and start up 
costs (when an estimate of these is available) that are assumed fixed, 
and sometimes even these may vary with N and h . This assumption is 
somewhat simplistic, but nevertheless, probably reflects the long run 
picture reasonably accurately; in the short run, for marginal ^cpansion 
decisions, there may be sufficient excess capacity to Increase N or 
h without increasing all related conponent costs. However, as the 
system expands, the excess capacity falls to zero, and all relevant 
system components need to be Increased to allow further expansion (of 
N or h , for example). Thus the linear fxmction that will be estimated 
is probably an approximation to what more realistically can be expected 
to be a step function, which increases in discrete increments as N 
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and h expand to fill the excess system capacity at successive points 
In time. 

In addition to the cost function estimation, three other pieces 

of cost Information will be presented when possible. First, the average 

cost per student (ACj^) for a particular year of the project will be 

derived from the cost function. Second, this figure will be compared 

to the variable cost per student, V„ , to form a ratio, AC„/V„ . This 

N N N 

ratio Is presented to give the reader a rough *ldea of the extent to 
which the system discussed has achieved the economies of scale available 
In most Instructional television and Instructional radio systems in 
their operations for the particular year in question. AC^/V^ approaches 
unity as the system expands the number of students Included, other 
things being equal. When AC^/Vjj Is large. It Indicates that If the 
system were to Increase the numbjer of students enrolled, average costs 
per student could be decreased substantially by enrollment expansion. 
Since there is no theoretical upper bound on the ratio ACj^/V^ , It Is 
somewhat dlfflcxilt to evaluate what It means for a given ratio to be 
* large * , but an Idea can be gained from examining this figure for 
different projects. Thirds we also present average cost per student 
hour of each project, which Is probably one of the better measures for 
comparison between systems, since it takes account of both N and h . 

When sufficient information is available, namely, the time structure 
of expenditures and student usage, we present selected estimates of the 
average costs per student from year 1 to year j (AC^^) , a concept that 
was developed in Section 4 of Chapter I. As discussed in Chapter III, 
we believe the AC^^'s form a much better summary measure of project 
costs than that derived from the cost function estimations. Finally, 
discussion of the alternatives for system expansion and considerations 
of system finance are presented if the relevant data are available. 

Chapters V and VI analyze instructional radio projects in Nicaragua 
and Mexico, respectively. Instructional television projects are examined 
for El Salvador in Chapter VII, for Stanford, California in Chapter VIII, 
for Hagerstown, Maryland in Chapter IX, for Korea in Chapter X, and 
for Mexico in Chapter XI. 

14*7 
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CHAPTER V 

THE NICARAGUAN RADIO MATHEMATICS PROJECT 

The central focus of this chapter Is to provide an early assessment 
of what the costs of the Nlcaraguan Radio Mathematics (HMP) have 
been and can be expected to be. Much firmer evidence Is presently 
available for progranmilng costs than for implementation costs. 
Section 2 of this chapter summarizes the cost elements of the project- 
central project Ci^BtSf program production cos'ts» transmission costs » 
and reception eite costs — then presents a cost function for the project 
and average aosts based on that cost function. Section 3 discusses 
the results the cost analy^?»ls> vith some of their impllcatior^o 

1. THE SYSTEM 

In f^arly 1975 a group of AID sponsored researchers and mathematics 
curriculum specialists began working with Nlcaraguan counterparts In 
Masaya^ Nicaragua^ on radio programs to teach elementary school 
mathematics. The Radio Mathematics Project (RMP) Is now completing 
Its first year and Is reaching approximately 600 first grade students 
on an experimental basis. During 1976 programming will be extended 
through the second grade* and a carefully controlled evaluation of 
a large-scale implementation of the first grade curriciilum will be 
undertaken. Present plans call for continued expansion of curricultm. 
coverage to higher grade levels and for Implementation of the radio 
curriculum throughout Nicaragua. Searle» Friend » and Suppes (1975) 
discuss in detail the RMP's activities and future plans. 

2. SYSTEM COSTS 

In this section we identify the cost components for the BMP 
and construct from them cost functions for the project. The costs 
fall Into four categories-*-central project^ program preparation, 
tranamlssion, and reception site— and we first present Information 
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on those basic costs; as the project Is In Its early stages, some of 
these costs, particularly those dealing with reception, are estimated 
rather than observed. The project relies more heavily than do most 
on expatriate technical assistance, and for this reason programming 
costs in particular are relatively high. We thus also briefly discuss 
the cost implications of lower levels of expatriate technical assistance 
in the future. 

Central Project Costs 

We divide our central project costs into three major categories — 
start ixp, administration, and research. 

The BMP comnenced radio program production in Masaya, Nicaragua, 
in Febrtiary, 1975; costs incurred prior to that time were for project 
planning, personnel moving, and settling in to facilities. We thus 
treat those costs incurred prior to February, 1975, as being start 
up costs that should be annualized over the lifetime of the project. 
Table V.l shows start up costs incurred at Stanford University and in 
Masaya. 

The next aspect of central project costs is that dealing with 
administration. For many of the staff involved it is difficult to 
separate precisely their project administration efforts from other 
functions; at Stanford the other function is principally research, 
in Masaya it is principally radio program production. The estimates 
of time allocation that we use are, then, simply the best estimates 
of the project staff. Table V.2 summarizes annual project administra- 
tion costs based on these best estimates; the total is approximately 
$47,000 per year. , 

The final category of central project costs is general research, 
which is a major purpose of the project. The research costs listed 
here do not include formative research for program development; those 
costs appear with other program development coists. Table 7^3 shows 
flTiT^iiai expenditures on research at the present time (1975); these 
costs may be expected to decline as the project becomes operational. 



TABLE V.l 

START DP COSTS (THROUGH FEBRUARY 1975) 



I. Start up Cost of Project at Stanford: 



II. 



III. 



Salaries 


$46,255 


Staff benefits 


r,864 


Travel in USA 


5,745 


Computer at Stanford^ 


19,553 


Consulting 


1,920 


Equipment and supplies 


3,066 


Indirect costs 


39,670 


Subtotal 




: up Cost of Project in Nicaragua: 


Saiarles^'^ 


$23,626 


Benefits 


4,016 


Travel 


6,716 


Moving cost (household 




and car) 


16,131 


Allowances^ 


19,444 


Consulting 


720 


Expendable supplies^ 


19,002 


Equipment® 


.18,715 


Indirect costs 


.33^171 


Subtotal 




: up Cost Totals 




1. Total Start up cost 





$124,073 



$141,542 



$268,000 



2. Annualized start up cost .. . v''^^?S^ 

(over 20-7ear project lifetime) ■ 

a. at OZ discount rate - $ 13,44b/yr;.'^^ -^^^^ 

b# at 7.5Z discount, rate :. •' : 26',\46iff)^S 

■ ' c. • at 15Z -discount -rate . . ^ - ? 43 •200/«ti^^W 



TABLE V.l (continued) 



^The computer was used for the production of reports, but for 
essentially nothing else during this period* 

^Salaries are for expatriate staff. 

^Allowances Include housing allowance, post differential 

allowance, and children's education allowance. 

* 

Expendable Supplies breaks down as follows: 

Office supplies $2,906 
Books 616 
Postage and freight 4,868 ^ 

Minor equipment 3,299 (tape recorders, etc.) 

Nlcaragtia expenses 7,311 

^The eqxilpment Includes four cars, a mimeograph machine, an 
electronic scanner for making stencils, and a calculator with 
statistical fimctloas. 
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TABLE V.2 
PROJECT ADMINISTRATION COSTS^ 



I. Annual Costs of Project Administration at Stanford (all 
figures given Include direct and all Indirect costs) 



Principal Investigator - 6% of full time $ 2,480 . 

Project Manager - 50% of full time * 11,680 

Secretary - 5Q% of full time 5,600 

Administrative services - 15% of full time 

(covered by indirect costs) 0 

University functions - purchasing, shipping 

accounting (covered by indirect costs) 0 

Telephone, office supplies, etc. 3,520 

Computer time 3,680 

Travel to Nicaragua for administrative 

purposes (25% of four trips) 1,120 

Subtotal $28,080 

II. Annual Costs of Project Administration in Nicaragua 

Expatriate Advisor - 33% of full time $12,160 

Nicaraguan Project Director - 50% of 

full time 4,000 

Secretary (bilingual) 100% of full time 2,800 

Subtotal $18,960 

III. Total Anninal Costs of Project Administration $47,040 



^Costs incurred in cordobas.are exchanged into U.S. dollars at 
the rate of 7 cordot^s per dollar. 

^Indirect costs at Stfimfard University are47%of base costs. 
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TABLE V. 3 
RESEARCH COSTS^ 



Annual Amount 



Principal Investigator - 17% of full time $ 7,360 

Project Manager - 50% of full time • 11,680 

Statistician - 50% of full time 5,760 

Programmer - 100% of full time 14,880 

Two graduate student assistants 8,640 

Consultants 4,720 

Telephone, office supplies 1,440 

Computer time - 90% of computer charges 32,800 

Travel to Nicaragua (7 trips per year) 7,680 

TOTAL $94,960 



All figures include indirect costs of 47%. 
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Program Production Costs 

The BMP Is currently producing programs at a rate of about 
150 30-mlnute programs per year. The first year of program production 
(CY 1975) Is being devoted to programs for grade 1; the second year 
will be devoted to revision of grade 1 programs and Initial preparation 
of grade 2 programs. Thus a single year's activity will Involve 
both production of a set of about 150 programs and the revision of 
an earlier set of 150; the output of a year's effort can thus be 
considered to be a produced and revised set of programs. Production 
here Includes £lL1 steps required to plan, prepare, and put on tape 
the radio script as well as preparation of the student workbook materials 
and the teacher's guide. 

Table V.4 summarizes the cost of preparing 150 lessons; the 
total Is $128,000. This yields a cost of $856 per 30-mlnute 
lesson or $1,712 per hour of produced material. This Is far higher 
than previous costs of production of Instructional radio In developing 
countries,^ which results from a number of factors. First, and 
relatively unimportant, this figure Includes cost of preparation 
of workbooks and teacher guides. Second, preparation of programs 
requiring frequent student response (40 to 50 responses per 30-mlnute 
lesson) Is probably intrinsically costly. Third, careftil formative 
evaluation Is costly. Fourth, much of the cost is for expatriate 
technical assistance, the presence of which more than doubles the 
cost of production over what It wotxld be If the same volimie of 
production were achieved by Nlcaraguan nationals. (If expatriates 
were replaced by nationals, the $128,000 annual cost in Table V.4 
would drop to $56,800; this wotxld reduce the cost per lesson to $376.) 



Chapter IV reported production coats for instructional radio of 
about $130nper hour In Korea and^TjT Mexico; Schramm (X97Tf p» 21S) 
reports that the NHK was spending about $460 (inflation adjust^) in 
1971. The cost per hour of tiered in 
Mexico, $1,150 in £1 Salvador and $2,550 in Korea. 
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TABLE V.4 

COSTS OF PREPARING 150 RADIO LESSONS 



Item Cost per year 

1. Recording Costs $ 10,080 

Studio- time at $ll/les8pa 

Artists and technicians at $34/lesson 

Director at $22/lesson 

2. Scrip twrltlng 32,960 

2 full time equivalent Nlcaraguans at $344/mo« each 
1 full time equivalent expatriate at $2,400/mo. 

3. Gurricultim Design 12,960 

1/2 full time equivalent Nlcaraguan at $456/mo« 
1/3 full time equivalent expatriate at $2,960/mo. 
1/2 full time equivalent secretary at $208/mo. 

4. Artist for Design and Preparation of Student Workbooks 2,800 

1 full time equivalent at $232/mo. 

5* Preparation of Teacher's Guides 2,400 
1/2 full time equivalent writer at $400/mo. 

6. Management 15,760 

1/2 full time equivalent Nlcaraguan at $464/mo. 
1/3 full time equivalent expatriate at $2,960/mo. 
1/2 ftill time equivalent secretary at $208/mo. 

7. Formative Evaluation 15,760 

1 full time equivalent Nlcaraguan at; $344 /mo. 
1 full time equivalent expatriate at $2^60/mo. 
Data processing costs at $800/mo« 
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TABLE V.4 (continued) 



Item Cost per year 

8. Support and Facilities $ 6,560 

Rent $2 32 /mo. 

Utilities 72/mo. 

Haid 48/mo. 

Guard 72/mo. 
Transportation (exclusive 120/mo. 
vehicle purchase) 

TOTAL COST $128,000 

TOTAL COST PER LESSON $ . 856 
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Asstonlng a 10-year lifetime for a completed and revised lesson, 
the annualized cost of having a lesson available (assuming an $856 
initial cost) is $86 if one assumes a 0 discount rate, $128 if 
one assumes a 7,5% discount rate, and $170 if one assumes a 15% 
discount rate. 

Transmission Costs 

Our estimate of transmission costs is based on the tariff of 
Radio Corporacion , a private broadcasting station whose transmitter 
covers all of Nicaragua. Their charge per 26-mlnute slot between 
5:00 a.m. and 9:00 a.m. is $11.60; between 9:15 a.m. and 11:45 a.m. 
it drops to $9.20. There is a 10% discount for a one year contract, 
which would be advantageous for the RMP if such contracts allowed 
for less frequent than daily use. For subsequent calculations we 
assume a cost of $12.80 to broadcast a 30-mlnute lesson. 

Reception Site Costs 

The present (1975) reception sites utilize cassette players 
because the small number of sites in the first developmental year 
falls to justify use of broadcasting. Current reception costs are 
thus little guide to future ones, and the costs presented below simply 
reflect present project estimates. The cost estimates we present 
attempt to include all elements of cost associated with operational 
Introduction of the RMP, including teacher training costs, supervision 
costs, and printed material costs. 

Table V.5 categorizes reception site costs estimates into three 
parts. The first part consists of costs common to an entire school, 
in this case supervision costs; assuming three participating classes 
per school and 35 students per class, supervision costs come to $.59 
per student per year. This number is, of course, highly sensitive 
to the number of supervisor visits per school per year, and it will 
be important, as the project progresses, to ascertain what an 
adequate minimum number is. The second cost category consists of 

157"-' 
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TABLE V,5 

RECEPTION SITE COSTS (PER 150 LESSONS) 



I« Costs CommoQ to Entire School $62.00 

Supervisor visits (S is number of supervisor 
visits per school per academic year; assumed 
cost per visit is 1 day of supervisor, time 
at $3.80 plus transportation at $1.60). We 
assume S " 6. 

II. Costs Common to Classroom 30.00 

1. Radio set at $40 with 5-year lifetime $10.00 

a. Annualized cost at 0% « $ 8/yr. 

b. Annualized cost at 7.5% » $10/yr. 

c. Annualized cost at 15% » $12 /yr. 

(table uses 7*5% discount rate) 

2. Batteries^ 4.00 

3. Teacher's Guide (100 pp.) .80 

4. Teacher training (10 hours per year 

at $1.60/hr.) 16.00- 

III. Costs Individual to Student 1.60 

1. Blank paper (0 - 1/2 pages per 
lesson; assume 40 pages per year 

at 1/4? per page) .08 

2. Workbook (1/2 to 1 page per lesson; 

assume 150 pages @.1$. per page d.SO 



3. Miscellaneous Supplies .32 

IV. Cost Summary (Full Program Cost Assumption) 

Assume: 1) 3 participating classrooms 
per school 

2) 35 students per class 
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TABLE V.5 (continued) 



Per-student reception cost Is $3.06/yr. 

or $ .02 /lesson 

or $ .04 /hour 

V. Cost Summary (Alternative Program Cost) 

1. Teacher's Guide and training costs not 
dinputed to radio: 

Per student reception cost Is $2.58/yr 

2. Student workbook Is replaced by 
additional 110 pages per year of 
blank paper: 

Per student cost Is $2.09/yr, 

3. Both 1 and 2 above: 

Per. student cost Is $1.61/yr. 



^Is asstunes an average of 10 hours of playing life per battery 
costing $.28; these battery lifetimes are within the range of those 
cited In a recent Consumer Reports survey (v, 40, July 1975, pp. 
436-439) . 
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those costs common to a classroom; these costs are estimated to be 
$30 per classroom per year or $.87 per student. A total, of $26 
out of the $30 classroom costs Is for teacher training and the radio 
set, neither of which would Increase with a moderate Increase In the 
number of currlculums broadcast. Possibilities for savings here 
Include sharing of radio sets among classrooms, providing teacher 
training less frequently than annually, of undertaking teacher 
training by radio. The third category of costs Is for materials; 
these are estimated to cost $1.60 per student per year. Utilizing 
less than one page per day of workbook material would result in 
substantial cost savings. 

Item V In Table V.5 presents estimates of reception site costs 
based on alternative assumptions. The first assumption is that the 
costs of teacher training and the teacher guide are excluded from 
the accounting of costs for the radio project; this reduces the 
reception site costs imputed to radio from $3.06 per year to $2.58 
per year. The second assumption is that the project eliminate 
utilization of printed workbooks; this would save $.97 per student 
per year. 

Stmmiary of Costs for the Radio Mathematics Project 

Cost function . Our cost function for the RMP will be constructed 
to give annualized total cost, TC , as a linear function of two 
independent variables — the number of lessons presented per year, h, 
and the number of students enrolled In a course, N . Each enrolled 
student would take the 150 lessons, of a single year's course. The 
cost function we are assuming has, then, the following form: 

TC • F + VjjN + Vj^h , 

where F , V.. , and V. are parameters we can determine from the 
N Q 

cost data of the preceding subsection. 
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The first parameter, F , consists of all cost components 
invariant with respect to hours of programming or student usage , 
that Isy It consists of central project costs: 

F "> annualized starting costs + project administration 
costs + (research costs). 

We have placed research costs In parentheses because we feel It 
dubious that these general research costs should be Included In the 
Nicaragua cost function. As most of the research covered by these 
costs has results directed outside Nicaragua, we will exclude these 
research costs from our total cost equation; Information from Table V.3 
will allow those who wish to Include these costs to do so. (On the 

other hand, we do Include, In V, , the cost of formative evaluation 

— n • 

research as being directly related to program production.) 

Since we annualized start up costs as three different discount 
rates, we have three values for F (each excluding research costs): 

$ 60,500/yr. If r » 0 
F » $ 73,400/yr. If r = 7.5% 
$ 90,200/yr. If r « 15% . 

The next parameter, , depends on transmission costs and 

program production costs; It equals the annualized cost of a lesson 

plus the cost of transmitting it once. The annualized cost of a 

lesson is $86 at a 0 discount rate; $128 at a, 7.5% discount rate; 

and $170 at a 15% discount rate. The cost of transmission is 
2 

$12.80. Thus we have 

$ 99/yr. if r « 0 
m $14l/yr. if r » 7.5% 
$183/yr. if r - 15% , 



This assumes that each lesson is broadcast only once per year. 
The relatively small cost of transmission suggests, if there w 
either pedagogical advantages for repeat broadcasting or advantages 
in shifting, that the resulting increases in transmission cost woiild 
be relatively slight. 

■ ! ■ ■ ■'- ■-■ 
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The final cost parameter, V^^ , depends only on the cost per 

enrolled student per year. From Table V.5 we see that V„ » $3.06/yr.^ 

N 

Our final cost equations are, then, given by (In dollars per year) 

60,500 + 99h + 3.1N If r - 0 
TC - 73,400 + 141h + 3.1 N If r - 7.5% 

90,200 + 183 h + 3.1 N If r - 15%. 
Average costs . The above equations can be used to compute the 
average cost of radio per student per year, AC , and the cost per 
student hour of exposure, PHC , as a function of the values of h 
and N . Table V.6 shows the results of coii?>utatlons of this sort for 
two values of h — 450 and 900 — and several values of N . This table 
uses the cost function that has a 7.5% discount rate. Since there 
are 150 lessons per year, a value of h « 450 Implies radio coverage 
(in mathematics) for 3 grade levels; h » 900 Implies radio coverage 
for all 6 elementary grades. 

Even with between 10,000 and 50,000 users, the average costs 
remain substantially above the marginal cost of $3.06 per student 
per year* And, unless these high marginal costs are reduced, the 
costs of the BMP will remain higher than for other radio projects, 
and fall in the low end of the range of instructional television 
costs (Jamison and Klees, 1.975, p. 356). 

3. CONCLUSION 

Three basic points emerge from the analysis just presented of 
the costs of the RMP in Nicaragua: In the first place, the IntensltJ* 
efforts put into program preparation suggest that, unless careful 
effort is undertaken to make these programs available to many users^^ 



Strictly speaking, V^^ - $3.06 if r - 7.5% ; we assume, 
however, that V^^ is not dependent on r because the cost 
Implications are so slight. 
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TABLE V.6 
AVERAGE COSTS 





h " 450 (3 grades covered) 


h " 900 (6 grades covered) 


N 


AC^ 


PHC° 


AC^ 


PHC*^ 




$ 




. $ 




2,000 


70.20 


.95 


102.40 


1.38 


10,000 


16.80 


.22 


23.20 


.31 


50,000 


5.60 


.07 


7.20 


.10 


250,000 


3.60 


.05 


3.84 


.06 



^These average costs are computed from the cost function that 
has a discount rate of 7.5%. 



AC stands for the average cost per student per year in 
dollars. 

^HC stands for the per hour cost of instruction per stiident; 
as there are 150 30-minute lessons per year, PHC ■ AC/75. 
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the cost per student of program production will be extremely high. 
The costs can be spread among users by Insuring a long life (10 + 
years) for the programs » by Implementing the RMF through all or most 
of Nicaragua, and by attempting to use the same programs with only 
slight revision for Spanish-speaking students elsewhere In Latin 
America or within the United States. 

Second,, the presently planned levels of classroom supervision, 
teacher training, and student workbook usage restilt In per student 
reception costs of $3.06 per year, or, assuming 150 30-minute lessons 
In a year, costs of 4.2o per student hour. These costs are excep*- 
tionally high, suggesting the value of continued, careful experimenta- 
tion with lower levels of supervision, less frequent and less 
intensive teacher training, teacher training by radio, and more 
limited workbook use. 

And finally, it appears possible to reduce substantially the 
reception site costs and to spread programming costs over a large 
audience. Even if this were to be done, the project is apt to remain 
somewhat expensive by the standards of instructional radio projects. 
For this reason, principal emphasis in evaluation of the BMP must be 
placed on its capacity to improve the effectiveness of instruction, 
as indicated by its effects on mathematics achievement test scores 
and student repetition rates/ It is too early in the project to 
assess its performance along these dimensions. 



CHAPTER VI 
THE MEXICAN RADIOPRIMARIA 



Mexico, along with many other developing nations, faces a 
contradiction in the provision of basic education for its population; 
there is the desire, expressed by popular sentiment and even legis- 
lative requirement, to provide a complete primary school education to 
all its people while at the same time there is a lack of teachers, 
classrooms, and materials, especially in the Tural areas, sufficient 
to support the school age population. Of the 32,855 primary schools 
in the country, only 6,440 have a full six grades complement, with 
most of the latter located in urban areas (see Klees, 1972). 

In an attempt to meet this problem, the Mexican Secretariat for 
Public Education (SEP) initiated in 1969 an experimental program that 
utilized Instructional radio to aid In the provision of fourth, 
fifth and sixth grade education to certain rural and semi-rural regions 
that lacked a complete primary school. Below we will exam in e Radio- 
prlmaria, with the main emphasis on the costs of the sytem: Section 
1 will describe the system in general, its technical characteristics, 
organization, and utilization, as well as briefly summarize evidence 
on its effectiveness; Section 2 will analyze the costs of the system 
in detail; Section 3 will compare briefly the costs of Radioprlmaria 
with that of the traditional direct teaching system; and Section 4 
will present concluding remarks. The discussion in Section 1 is 
based on the analysis of the structure and utility of Radioprimaria 
made by Spain (1973) and the interested reader Is referred there for 
more detail; subsequent sections are the work of the authors (a 
somewhat less detailed cost analysis by one of the authors is 
Included in Spain (1973)). 

1. THE SYSTEM 

Organization and Technical Characteristics 

Planning for the Radioprimaria system began in 1969. During the 
1959-1970 school year, the system was used In twenty-nine schools In 
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the Valley of Mexico and the Federal District, but was not continued 
In these regions after the first year, except for one classroom in 
the Experimental Education Center In Mexico City. At the beginning 
of the 1970-1971 school year, the system was tried out on a small 
scale In the State of San Luis Potosl and Is still In use there. 
This case study represents an analysis of Radloprimarla as Instituted 
In San Luis Potosl. 

Radloprimarla was Intended primarily to allow a school with four 
teachers to offer all six grades of primary schooling. Three teachers 
would handle the first three grades in the traditional manner; the 
fourth teacher would have the 4th, 5th and 6th grades In one 
classroom and would Instruct with the assistance of radio lessons* 
Some instructional radio programs would be grade-specific while others 
would be directed to all three grades in common. When grade-specific 
lessons are broadcast, the students in the other two grades are supposed 
to engage in work on their own. It should also be noted that the above 
structure implies that students may be directed to listen to the same 
common broadcasts each year for three years. 

Instmictlonal radio lessons are prepared by a team of eight radio 
teachers in studios located in Mexico City* They are shipped by bus 
to San Luis Potosl, where they are then broadcast by the University 
of San Luis Potosl radio station (at no charge to SEP) within a 
thirty mile radius around the capital city* Broadcasts are made 
every school day, Monday to Friday, from 9:00 a.m. until 12:45 p.m. 
In Mexico City, the programs are broadcast one hour earlier over 
Station XEEP, In order to be used by the experimental classroom, as 
well as by some traditional primary schools that use the lessons on 
an Informal basis. 

Each radio lesson lasts 14 minutes and about 5 programs are 
broadcast each school day. The subjects of the broadcasts are taken 
from the official primary school curriculum and are keyed directly 
to the required textbooks* Emphasis is placed on Spanish, arithmetic, 
history and geography, although lessons dealing with physical education, 
nature stu<fy, and practical activities are common* Classroom teachers 
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receive every other week a mimeographed document that contains the 
radio lesson schedule and suggested activities to complesEent the 
broadcast • 

Utilization 

In 1972, there were 43 schools serving about 2,800 4th, 
5th, and 6th grade students receiving the radio lessons. However, 
contrary to the original plan, only seven of these schools, out of 
a possible seventy In the State, were originally incomplete schools 
offering less than six grades of primary school. Moreover, about 
60% of the schools that had all six grades did not have six teachers, 
so often two or three of the higher grades had already been combined 
Into one classroom with one teacher. 

There is no reliable information on the number of students that 
participated in the systeit In the first year of its operation in San 
Luis Potosl. Furthermore, it is known that the Mexico City broadcasts 
are picked up and used by schools that do not formally participate 
In the Radloprlmarla program, but again, no data are available on 
the extent of such use. Also, since the broadcasts are open circuit, 
beaming over regtilar radio band frequencies in both San Luis Potosl 
and Mexico City, it is thought that there are many adults who tune 
in the lessons. Indeed, one of the original goals of the Radloprlmarla 
system was to allow adults who had not coiiq)leted primary school to 
participate as informal students. 

Over the school year about 1,200 14-minute programs are broad- 
cast, that is, approximately 280 hours. Given that about 80% of the 
programs are directed at the combined 4th, 5th, and 6th grade 
audience, with the remaining 20% distributed among the three, we can 
calculate the average number of hours directed at a student in any 
particular grade to be 242 per year. 

Effectiveness 

Spain (1973) gave pretests and posttests over a semester period 
to a random sample of radio and nonradlo students in the sixth grade. 
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He concludes from the test results that Radloprlmarla "has produced 
scores that are comparable to those of the children in direct teaching 
schools" (Spain, 1973, p. 42). However, there are some doubts as 
to the reliability of the results generated, which Spain himself 
explicitly recognizes. For example , although the rural radio 
classes had higher gain scores than the nonradio classes, only a 
few of the radio classes are that type of class for which the 
Radioprimaria system was originally intended.* In spite of Spain's 
modest claims for the cognitive effectiveness of the radio system, 
and of the difficulty of drawing firm conclusions from the data he 
had available, his data suggest that students in the radio school 
performed better than those in nonradio schools in both Spanish 
and mathematics, and the difference in Spanish was highly statistically 
significant. 

In many respects, Spain's evaluation of some of the other 
aspects of the Radioprimaria system is more enlightening than the 
analysis of cognitive outcomes described above. Through visiting 
all the radio schools and several of the nonradio schools, and by 
talking with system participants, a ntimber of problems were uncovered. 
Spain estimates that 15 to 20Z of the classes miss the 
first half hour of broadcast due to teacher and/or student late 
arrival. Furthermore, of the forty-four radio schools visited, one 
was inexplicably closed and eighteen others were not using the radio 
that particular day— either because it needed repair, or the power 
had failed, or the teacher had decided the lessons were useless. 

No federal ftmds are allocated for radio purchase and consequently 
they must be bought and maintained by the teacher or the community; 
in one case no radio had been purchased because the teacher and the 
community could not agree on who would pay for it. Of the remaining 
twenty->five schools fomd using radios, seven had jjiaudlble receivers* 
Spain reports widespread reception problems, which is not surprising 
given the funding arrangements which do not seem conducive to the 
purchase of adequate receivers and their maintenance • 
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Spain attributes many of the above problems to a lack of resources 
allocated for school supervision. Schools have been dropping out of 
the Radioprimaria system; in the first year of operation there were 
49 radio schools, in 1971-1972 there were 44, and the following year 
there were only 37. Spain describes how the initial acceptance of 
Radioprimaria was fostered by the Director of the local Audiovisual 
Center, through frequent visits to the rural classrooms, using his 
own automobile. This individual's automobile- broke dowix at the end 
of that first year and resources were not forthcoming from the federal 
government to support such efforts in subsequent years. Consequently, 
Spain feels that enthusiasm for the system has been waning. 

Finally, Spain also examines the potential benefits of the Radio- 
primaria system's expansion of primary school education in rural 
areas. Contrary to the avowed government intention of the system 
aiding in rural development, parents and students see primary school 
graduation as primarily a means to leave the rural areas and compete 
in the urban labor market. Even more unfortunately, Spain's assess- 
ment of the employment market in the chief urban area of the State, 
the capital, indicates widespread unemployment and an excess supply 
of primary school graduates. 

2. SYSTEM COSTS 

Table VI .1 presents the costs of the Radioprimaria system in a 
format that assumes total costs vary linearly with the number of 
students in the system and the number of hours of radio lessons 
broadcast annually. That is, 

(VI. 1) TC (N, h) - F + V„ N + V„ h , 

N n 

where TC « total cost 

N the number of students the system serves, 

h « the number of hours the system broadcasts, 

F « fixed costs of the system, 
V^ « costs of the system that are variable with N, 
and V. « costs of the system that are variable with h. 
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Footnote to Table VI *1 



^Cost data were gathered by Klees in 1972. Production and trans- 
mission costs are assumed to vary with the number of hours broadcast 
per year, which was 280 in 1972. Reception costs are assumed to vary 
with the number of students in the system, which was 2,800 in 1972. 
The basis for each cost component estimation is as follows: 

Studios . The two studios and one control room cost 

approximately $8,000 to construct. This is annualized 
over an assumed 20-year life. 

Studio equipment . The studio equipment cost $16,600 and is 
annualized over an assumed 10-year life. 

Audio tapes . Audio tapes cost $6.80 for a tppe of high quality; 
280 such tapes are needed and their cost is annualized over 
an assumed 10-year life. 

Production personnel . The salaries of administrators, technical 
personnel and radio teachers totalled $28,000 In 1972. 

Production equipment maintenance . This cost is assumed to be 
10% of the value of the studio equipment, or $1,660 per 
year. 

Transmission operations . A cost of $14.43 per hour of transr 
mission was estimated by the University of San Luis Potosi 
radio station for use of its 250-watt transmitter and 
broadcast facility. 

Reception receivers . Radio receivers are assumed to cost $20 

and are annualized over an assumed 5-year life. The average 
class size is assumed to be 45, which although somewhat 
higher than usual for rural areas in Mexico, reflects the 
use of combined grades in one classroom. 

Reception operations and maintenance . This cost is assumed to 
eqtial 10% of the cost of a receiver annually. 
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• It should be stressed that the cost function parameters presented 
are only approximations; cost dSta were available for only one year, 
1972, and to apply the cost function that will be summarized below 
to rates of utilization different from that existing in 1972 requires 
some rather strict assumptions. First it will be noted that there 
are no fixed costs of the system; all costs are assumed to be vari- 
able with N and h . For production costs, this assumption is 
obviously not true for marginal charges in the number of hours 
broadcast, as, for example, sufficient personnel, studio space and 
studio equipment probably already exist to expand production somewhat. 
Nonetheless, given a longer-run view, all these cost components are 
to some degree variable with the nxjmber of broadcast hours produced. 
It should be noted that a smooth linear function as posited is only 
a rough approximation to what is probably a step function — that is, 
investments in production are lumpy in that a certain amount must be 
Invested regardless of the extent of production and that another 
lump investment would be needed for expansion when there is no excess 
capacity left in the intial setup. 

It might be thought that the transmission components would have 
significant fixed costs, but this wijl be the case only when trans- 
mission facilities are constructed, as opposed to leased or donated. 
In the latter cases, a cost is charged or imputed on an hourly basis 
that includes an allowance for capital amortization. Finally, recep- 
tion costs, which include radio receivers and their maintenance and 
operation, may be reasonebly assumed to vary directly with the number 
of students in the system; this assumes that class size would not 
be increased, although for marginal expansion this is always a 
possibility. 

Table VI. 1, based on the cost information elaborated in its 
footnote, calculates Radioprimaria costs for each of three social 
rates of discount, 0%, 7.5%, and 15%. Production costs equal $110.66 
per hour given no discounting for the future; $115.21 per hour at a 
7.5% rate; and $121.08 per hour at a 15% rate. Although transmission 
costs should also vary with the discount rate, the $14.43 per hour 
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figure given was obtained from personnel at the University of San Luis 
Potosl radio station without sufficient; Itemization to allow separation 
of capital and recurrent cc its. Finally, reception costs are $.13 
per student at a 0% discount rate; $.15 per student at a 7.5% rate; 
and $.17 per student at a 15% rate* 

The cost function and average cost Information for 1972 may be 
summarized briefly below: 







Total Cost Equation 


A^ 
12.67 


84.33 


Cost per 
Student Hour 


r ■ 


0 


TC » .13 N + 125.09 h 


.052 


r «• 


7.5% 


TC » .15 N + 129.64 h 


13.12 


77.24 


.054 


r " 


15% 


TC " .17 N + 135.51 h 


13.72 


72.32 


.057 


The 


average 


cost per student (AC^^) 


assximes 


Radloprimarla utlllza- 



tlon levels of the year 1972: 2,800 students and 280 hours broadcast. 
The cost per student hour figure reflects the rather unique common 
broadcast feature of the Radloprimarla system; that Is, students 
receive about 242 hours of Instructional radio each year, although 
only 280 hours are produced In total for all three grades since 80% 
of the broadcasts are aimed at the combined three grades audience. 
The ratio of average cost per student to variable cost per student 
Indicates that production costs dominate system costs, which Is not 
surprising given the tentative, experimental nature of the system 
at this date. Average costs per student could be lowered substantially 
by expanding to Include more students In the system. Finally, as we 
have noted in the other case studies, costs are quite sensitive to the 
Interest rate; Radloprimarla costs almost 10% more If we value the 
future at a 15% rate than if we neglect to take time preference Into 
account. 

3. COST COMPARISON WITH THE TRADITIONAL SYSTEM 

Radloprimarla was conceived of, in part, as a less expensive 
method than the traditional direct teaching system for providing 
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a full six grades of primary school in rural areas. Table VI. 2 examines 
thi8 under somewhat hypothetical conditions. We assume the choice 
facing the SEP Is whether to take students in a rural area and give 
them fourth, fifth, and sixth grade education in three classrooms 
with three teachers, or to put them in one classroom with one teacher 
and one radio for three years. 

Even if enough teachers could be found who were willing to work 
in rural communities (which is a problem in Mexico), Table VI. 2 
Indicates that the Radioprlmaria alternative is a much less expensive 
alternative than the traditional system; the former costs about 60 
percent less than the latter and this advantage would be increased 
if student utilization were hypothesized to be greater than 2,800. 
The additional costs of the instructional radio components of the 
Radioprimaria system are more than offset by the reduced teacher and 
facility costs resulting from the combination of three grades into 
one classroom with one teacher. 



The Radioprlmaria system is an interesting attempt at meeting 
the problem of lack of sufficient educational opportunities 
in rural areas facing Mexico and most other developing nations. 
Although its costs may appear somewhat higher than other instructional 
radio projects (see Chapter III), this is entirely due to its present 
experimental, low student utilization format; if the nxunber of students 
included in the system expanded, costs per student could fall 
substantially. Furthermore, we have just observed in the previous 
section that the unique configuration of the system, which combines 
several grades in one classroom with one teacher, results in consider- 
able cost savings over the traditional direct teaching system. Of 
course, despite a favorable cost comparison, the merits of the system 
must be judged by cost data combined with information on relative 
pedagogical effects and long run benefits. 



CONCLUSIONS 



V 




TABLE VI. 2 

ANNUAL COST PER' STUDENT COMPASISQN: RADIOPRIMARIA 
VERSUS TRADITIONAL INSTRUCTION^ 



Traditional Components 


Kaciioprimaria 


Tr aal t lonax ms true c ion 


Administration 


$ 50.00 


$ 50.00 


Classroom teacher 


32.00 


96.00 


Facilities 


6.10 


18.29 


Sub- total 


$ 88.10 


$164.29 


Instructional Radio Components 






Production 


$ 11.53 


$ 0.00 


Transmission 


1.44 


0.00 


Reception 


.15 


0.00 


Sub- total 


$ 13.12 


$ 0.00 


Total Annual Cost Per Student 


$101.22 


$164.29 



^This cost estimate assumes an average of 15 students per grade, 
which would yield a 45-student class size for the Radioprlmaria system. 
A social discotmt rate of 7*5% is used for capital amortization. The 
assumption on which each component is based is as follows: 

Admlnis t ration * This is a very rough approximation, equal to the 
administrative cost per student calculated for the traditional 
secondary school system as presented In Chapter XI. 

Classroom teacher . This assumes that the salary of a primary 

school teacher is equal to the average for such teachers In 
Mexico In 1972, ^ich was $1,440 per year. 

Facilities . This assumes that the cost of a fully equipped rural 
classroom is $2,800 and has a life of twanty years. Thi^ 
figure is half that given in an imtitled SEP report whlcih 
estimates the cost of an urban classroom; half this estimate 
was used to reflect the lower cost classrooms that are 
usually constructed In rural regions In Mexico. 

Instructional radio components . These figures follow from those 
given in Table VI. 1». assuming a 2,800 student enrollment 
as in 1972. 
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In terms of pedagogical effects, Spain's analysis appears 
Inconclusive, since there was not a clear comparison made of joint 
fourth, fifth, and sixth grade classrooms with radio, versus direct 
teaching with one teacher assigned to each grade. Spain (1973, p. 35) 
does Indicate that there may be some problem with the grade-specific 
Instructional radio lesson format utilized In Radloprlmarla, In that 
the students not receiving the broadcasts "did not show a great 
deal of concentration" when they were supposed to be working on 
their own. This Is not especially surprising as It Is likely that 
the ongoing radio lesson would be difficult to Ignore. In addition. 
It Is at least questionable on a priori grounds that common fourth, 
fifth and sixth grade broadcasts, which are likely to be repeated 
to a student each year for three years, are a beneficial pedagogical 
tool* In short, before adopting such a system as Radloprlmarla In 
another country, or expanding the system In Mexico, It would seem 
wise, as Spain suggests, to engage In a more rigorous effectiveness 
comparison. 

Finally, It should again be emphasized that the Individual and 
societal benefits of Increasing primary school enrollment In rural 
areas are at least questionable according to Spain's analysis. 
Although this does not reflect on Radloprlmarla, per se , vls-a-vls 
alternative Instructional techniques. Instructional technology systems 
are being used more and more frequently to extend educational 
opportunities to rural areas, to meet social demands and consequent 
political obligations. Careful attention must be given to the question 
of whethet this social demand Is based on reliable Information, or 
whether additional education merely Increases the rural exodus to 
overcrowded urban areas that lack sufficient employment opportunities. 
Increasing the educational opporttinltles in rural areas should Involve 
more than the Intact transfer of an urban curriculum; increased 
consideration needs to be given to real rural development and the mean-- 
ing that this has for education, in order to allow the promise of 
educational benefits to become a reality. 
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CHAPTER VII 

THE EL SALVADOR INSTRUCTIONAL TELEVISION SYSTEM 



El Salvador began broadcasting Instructional television to a small 
number of 7th grade students in February, 1969. By 1972 broadcasts 
reached over 48,000 students in grades 7-9 with instruction in all the 
core subject areas; the system has continued to expand since then. The 
Introduction of ITV in El Salvador was done in the context of an overall 
educational reform and was, moreover, the object of careful external 
evaluation from the outset of the reform. This chapter, dealing with 
the costs of the ITV aspect of the Reform, draws on data and analysis 
resulting from that overall evaluation effort. 



1. THE SYSTEM 



The final report of the evaluation of ITV and the Reform (Homik, 
Ingle, Mayo, McAnany, and Schramm, 1973) contains a concise description 
of the reform and of television's role in it. and we quote extensively 
from theiir report by way of describing the system. 

To remedy the numerous problems that had been inherited 
from previous administrations and to streamline an educational 
system whose goals and^ procedures had ceased to fit the needs 
of El Salvador, Minister of Education Beneke set forth a 
comprehensive, five year reform plan In 1968. ^The plan was 
systematic and thorough in its approach, touching virtually 
every aspect of the educational system. The major reforms 
Included: 

1. Reorganization of the Ministry of Education 

2. Extensive teacher retraining 

3. Curriculum revision 

4. Development of new study materials 

5. Modernization of the system of school supervision 

6. Development of a wider diversity of technical 

training programs in grades 10-12 

7. Extensive building of new schoolrooms ^ 

8. Elimination of tuition in grades 7, 8, and 9 (in ly/i; 

9. Use of double sessions and reduced hours to teach 

more pupils , ■ ■ , 

10. A new student evaluation system incorporating changes 
in promotion and grading policies - _^ 

11. Installation of a national Instructional television 

stem for grades 7-9. 
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Although some of these changes were enacted immediately, most 
were begun with the understanding that additional planning, 
experimentation, and, adjustment would be required and that 
major changes could be introduced only on an incremental basis. 
However, the five-year reform timetable was a strict one; it 
coincided with the single term of President Fidel Sanchez 
Hernandez and Minister Beneke was anxious to preivent the 
President's mandate from being undermined or stalled through 
bureaucratic opposition or delays. 

The decision to use television as a major component of 
El Salvador's Educational Reform was neither Imposed from the 
outside nor taken in a precipltou.'i fashion. As far back as 
1960, the possibility of introducing some form of educational 
television was being discussed, although there was no consensus 
and little knowledge about how television might help alleviate 
El Salvador's educational problems. Above all, the country lacked 
the capital and expertise necessary to initiate any large 
television project. 

The initiative that led eventually to the establishment of 
El Salvador's national ITV system was taken by Lie. Beneke in 
1961* During his ambassadorship to Japan, Beneke had been 
impressed by the role television played in that country's 
correspondence high schools. Anxious to stimulate the growth 
of something similar in his own country, Beneke sought the help 
of NHK (Nippon Hoso Kyokal, the Japan Broadcasting Corporation). 
NHK agreed to conduct a feasibility study in El Salvador and 
several engineers were dispatched for that purpose in 1962. The 
results of this study confirmed what Beneke had suspected; 
El Salvador possessed excellent topographical conditions for 
the installation of a national television network. 

The initiative taken by Beneke was supported by former 
President Julio Adalberto Rivera, who established the first 
Educational Television Commission In the fall of 1963. The 
Comnissioh was supposed to evaluate alternative uses for 
educational television with the:: goal of proposing a national 
plan. However, the Commission met sporadically and little 
progress was made until Beneke retiimie^ from Japan in 1965. 
Under Beneke's chairmanship, weekly meetings were instituted, 
and the Commission made a fresh start toward defining specific 
proposals for the use of television. .. . 

By the end of 1966, the Commission had reached a consensus 
on a number of basic points. First , aclaiowledglng th^ fact 
that their country had neither a reservoir of tralxied people 
nor sufficient economic resources to embark upon a large 
television project, the Commission decided that its initial 
efforts would have to be limited in scale, but flexible enough 
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to permit expansion should circumstances permit. Second, the 
Plan Basico (grades 7-9) was selected to be the first level 
served by television, for it was the lack of opportunity and 
low quality of instruction at this level thci was believed to 
constitute the "bottleneck" to El Salvador's development. 
Instructional television, the Commission members believed, 
would compensate for the many unqualified secondary school 
teachers who, in turn, could be trained in a short time to 
become effective monitors within television classes. Third, 
the Commission concluded that ITV should be administered by 
an autonomous institute directly under the President with 
freedom to set its own personnel policies and to import the 
vast array of technical equipment that would be required. 
Finally, the Commission resolved to seek foreign financial 
and technical assistance so that ITV could be put on as firm 
a footing as possible from the outset (pp* 8-11). 

With the preceding principles as guidelines, ITV has developed into 
a major component of middle level education in El Salvador. In what 
follows we report on the cost of the ITV aspect of the reform. 

2. SYSTEM COSTS 

This subsection applies the methods of Chapters ir and HI to 
analysis of the cost dat& that were gathered by Speagle (1972). First, 
a cost tableau is presented, then, based on the cost tableau, total 
cost functions and average cost values are developed. 

Table VII. 1 presents the basic cost tableau. The table presents 
costs in various subcategories of production, transmission, and 
reception on a year by year basis. The figures £or 1966 to 1973 are 
based primarily on Speagle 's comprehensive analysis and the figures 
from 1974 oxt are projections based on the planned growth rate of 
enrollment. All costs in the table are inflation corrected and are 
expressed in 1972 U.S. dollars. 



-"•For an up-to-date discussion of ITV and the educational reform 
see Mayo, Homik, and HcAnany (1976); their book also describes results 
of the extensive pedagogical evaluation to which the ITV system has 
been subjected. Stur-ents In the reform did as well or better In most 
subjects than did nonreform students; this is probably at least in 
part due to the ITV component of the reform. 
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TABLE VII. 1 (continued) 

a 

Cost data are b^ised mainly on Speagle (1972) for 1966 to 1973. 

Production facility . Ninety per cent of the costs of thn» Santa Tecla 

facility were allocated to production and 10% to trsansmission, 

with the life of the air conditioning assumed to be 10 years and 
the facility life to be 25 years. 

Production equipment . This assumes a 10-year life, with the cost of 
the Santa Tecla equipment allocated 60% to production and 40% to 
transmission. 

Production operations and start tip . These are the same as Speagle* 8 imtil 
1974 when start up costs are as sinned to decrease over two years to 
a $50,000 level. After 1975 they remain at this level and are 
included in the cost of operations which are based on Speagle* 8 
. projection. 

Videotape . It is .tiot clear v^ether these costs are included in Table 2.1 
of Speagle, They are added here, purchased as needed, under the 
assumption of a 5-year tape life, 300 hoars of programming a year, 
and a ^^ost of an hour length videotape of $170. 

Transmission facility . This is explained un^er production facility. 

Transmission equipment . This is explained under production equipment. 

Transmission operations . This represents the rental charge through 1971 
for the use of commercial broadcast time. Beginning in 1972 opera- 
tions are estimated to cost 25% of the 1971 rental charge. 

Classroom remodeling . This is the same as in Speagle, with an assumed 
25-year lifetime. 

Reception ^quipmamt . Beginning in 1973 this is based on the number of 
students added to the system, an average class size of 45, and a 
cost per receiver of $200. 

Foreign aid and debt repayment. Through 1973 this represents the actual 
size of foreign grants as^d loans. The loan portion of this aid is " 
paid off with a 10-yea^ grace period during which interest accumu- 
lates at 2% and a S&'^^bt repayment period during which interest 
accumulates at 2.5%. ^^±th our assumption of a 4% axmuail rate of 
inflation these effective interest rates become -2% and -1.5% 
respectively. If there wev.e no inflation present, value of the 
repayment amount would b<a' Imost three times as large. The repayments 
is scheduled as if the 4S^|*.^ar period for the total loan began in 
1970. 

See next page for remaining footnotes. 
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TABLE VII. 1 (continued) 



Number of students . This is assumed to grow rapidly from 1972 to 1976 
(about 20% per year) after which a 3% growth rate is accounted 
for mainly by population growth. 

The cost data do not include teacher training (not considered by Speagle 
as part of ITV costs) , the distribution and printing of teacher's guides 
and student workbooks , nor maintenance and power costs for reception 
equipment. Speagle says the latter is extremely small* 
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Year by year figures for total (all Inclusive cost) are presented 
below the costs by category; underneath the row giving total cost is 
the row showing foreign aid and debt repajnnent. The numbers In 
parentheses in this row show the toteil amount of grcint or loan money 
received that year for the ITV system; the number in parentheses is 
then subtracted from the all inclusive cost to give the cost to the 
government for the given year. Beginning in 1980, the numbers in this 
row represent loan vepayrnQVit; costs to the Salvadoran government are 
computed by adding the loan repayment to the total Incurred expenditures. 
The values for loan repayment were computed using the methods described 
in the preceding subsection. 

The final row of Table VII. 1 shows past and projected future student 
usage of the system. Usage increases rapidly tmtil 1976 when most of 
the relevant age population is assumed to be covered; thereafter ^ 

usage isicreases at the school age population growth rate of approxi- 

2 

mately 3% per year. 

The footnote to Table VII. 1 provides somewhat more- information on 
the source of the figures In the various categories. Readers Interested 
in a detailed discussion of the various cost components should consult 
the co!H)rehensive treatment by Speagle (1972). This chapter will 
provide no further discussion of these coiiq)onent cost estimates except 
to expand briefly on the cost of program production. 

Program production costs are high and account for a substantial 
fraction of foreign exchange costs. It is for this reason 
important to examine these costs in some detail and Speagle (1972, 
pp. 72-78) provides a breakdown of the opei:j^t±ng costs of program 
production. However, a very substantial proportion of program prod ■:''*'^.on 
costs are capital costs and it is Important, particularly for plan?.; 
from other countries, to obtain an estimate of total production costs. 



' Si^ficii plaw..\ing estimates Indicate that the enrollment estimates 
in this table ror the late 1970's may be 10% to 15% too low. 
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not just the operating costs of program, production. Table VII, 2, 
using cost data from Table VII, 1, presents the component and total 
costs of program production, Including annualized capital expenditures 
at a 7.5% discount rate; the total of $979,000 per year Is ilmost 
twice the recurrent cost of $540,000 per year. At the estimated ' • 

prpdrr.lou v^te of 1,000 20-minute programs per year, the cost pet' 
ho* / program production coih^s to about $2,940, 

; \^tal Cost Function for ITV 

Using the data from Table VII. 1, It Is possible to obtain a cost 

fmctlon for ITV in El Salvador. In this chapter the program production 

and transmission costs are considered fixed; reception costs are variable 

with the number of students. The cost function we use is, then, 

TC(N) » F + Vj^ N . Start up costs were treated as an initial capital 

investment in the system; they were annualized over the assumed 25-year 

lifetime of the system and Included in F . The 1972 student enrollment 

estimate ' of 48,000 was used along with th^ assumption of an average 

of 170 hours of program presentation per grade per year. The enrollment 

figures allow calculation of AC and AC/V^ ; the program presentation 

assumption allows computation of costs per student hour of viewing. The 

total cost equation (expres.'^ed in 1972 U.S. dollars) for the system is 

3 

as follows, assuming a discount rate of 7.5%. 

Cost Per 

Total Cost Equation AC Student Hour 

TC(N) - 1,116,000 + I.ION 24.35 22.14 .143 

With twice as many students using the system (N » 96,000), average costs 
fall to $12.73 and per studetJt hour costs fall to $.075. This substantial 
reduction is possible because of the initially high value of AC/V . 



Jamison and Klees (1975) examined the sensitivity of the MSt 
estiinates to the value chosen for the social discount rate; increasing 
it from 7.5% to 15% Increases AC by ah^ut 20%. This is a substantial 
amount, due to the highly capital ii^tensive nature of the project. 
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TABLE VII. 2 






COSTS 


OF PROGRAM PRODUCTION 






Cost Category 


Amortization Period^ 


Cost 


Annualized Cost 


Facility (building) 


25 years 


342 


31 


Facility (air conditioning) 


10 years 


72 


10 


Equipment 


10 years 


1326 


193 


Start up 


25 years 


1860 


167 


Videotape 


5 years 


153 


38 


Operations (recurrent) 






540 


TOTAL 






979 



^These costs are expressed In thousands of 1972 dollars. 

^The amortization period Is the number of years the cost Item Is 
assimied to last; start up costs are amortl2:ed over an asstmied 25 year 
life for the project, 

^The annuallzatlon was done with a social discount of rate of 
7 .5% per annum. 
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The above total cost equation is for sill Inclusive costs. It is 

also of value to compute a. corJt: euo..?tion that Includes only costs to 

4 / 
the Salvadoran government. Tr do rhls one must reduce the fixed cost 

components of the above equation by an annualized equivalent of the 

grants and loans. To find this equivalent, the present value of the 

30-year loan repayment series was calculated, and this was subtracted 

from the total amount of the foreign grants and loans (the total 

amount was assumed to occur In the year 1970) • The resulting figure 

was annualized over the 25-year assumed lifetime of the project and 

stibtracted from the fixed costs. The Government of El Salvador cost 

equation is as follows: 



In order to adjust all-inclusive costs for grants one simply 
subtf&.cts the amount of the grant in the given year from the all- 
inclusive costs of that year. Loans are somewhat more complicated 
because they must at some point be paid back. The loan a negotiated 
by El Salvador have a 10-year grace period before repayment begins* 
Thus, in early years. of the project the loans in a given year 
are, like the grants, simply subtracted from the all inclusive 
costs, later years the repayments must be added to the all inclusive 
costs in order to obtain costs to the government. 

Computing the amount to be repaid in each of the later years is 
complicated by lack of knowledge of the Inflation rate of the dollar. 
The loans are negotiated in fixed dollar terms so thr^ higher the rate 
the dollar inflation the lower the tBal v£Llue of the loan repayments, 
that is, the lower the value expresi^ed in fixed dollars (1972 dollars 
are used as the base in this report). The situation is exactly analogous 
to that of a homeowner with a mortgage; in times of high inflation he 
gains because the value of his debt is fixed in dollar tenns* Inflation 
rates for the dollar ^re unpredictable even, it now appe;ars, several 
months, much less 10 years in advance* For this reason^ the value used 
iiR this chapter ji 4%, should be* regarded as only a conservative ; 
^'ifitimate. Given the value of the loans, the Interest rates they bear, 
.r.helr repayment schedules, and the rate of inflation for the dollar, 
^ne can use standard accounting formulas to determine the annual repayment 
jjti terms of 1972 dollars. Th^se repayments begin In 1980 and as of that 
year costs to the Salvadoran goi»^mment must be determined by adding 
the loan repayments to the all Inclusive costs. 
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Government of El Salvador Cost Per 

Cost Equation AC Student Hour 



TC(N) - 799,000 + I.ION 



17.75 



16.13 



.104 



It should be observed that the net grant and loan contribution to 

the ITV system Is substantial. At the 7.5% social rate of discount, 

foreign contributions cover about 27Z of the system's cost. This 27% 

Is based on 48,000 students per year using the system; as the entire 

cost of expanding the system Is borne by El Salvador, the percentage 

of foreign contribution will decline as usage- Increases. Because of.. 

the high value of AC/V^ though, the decline Is only to a little over 

5 

25% when the student usage reaches the 104,000 projected for 1976. 

The cost equations of the preceding paragraphs provide a reasonably 
clear picture of .^t-f^tem costs as a function of N , the ntmber of student 
per year using the system. In order to assess accurately the actual 
average costs Incurred, account must be taken of the time structure 
of student usage, and this: is done in the-: computations of values for . 
AC^j that follow. 

Average Costs 

The data in Table VII. 1 suffice to calculate valxies df AC^^ for 
El Salvador for the years 1966 to 1988. Letting 1966 equal year 1 
(and therefore 1973 equals year 8) , one can use the methods of Chapter 
II to compute all possible values of AC^j both for all inclusive 
coats and for costs to the government. These computations depend » 
of course, on the accuracy of the enrollment projections in the last 
row of Table VII. 1 and deviations form those projections would induce 
corresponding deviations in average costs. 



In comparing the average costs in total with those to tlie 
Salvadoran government^ it is an Interesting fact that the latter Is . 
totally Insensitive to the social discount rate. This resuLIts from 
a coincidental balancing of two factors: on the one h£uid iiicreas 
the social discount rate increases capital costs, but on the other hand 
it Increases the value of foreign loans» 
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Figure VII. 1 displays valuies of AC^^ graphically. One can see from 
that graph that If the social discount rate Is 7.5%, the average costs 
through year 12 of the project (that Is, through 1977) will have been 
about $24 per student per year. What this means Is that total expendi- 
tures up to 1977 divided by total student usage up to 1977 (each 
properly discounted) will equal $24. If one extends the time horizon 
to 23 years (1988) the result comes to about $17. The bump In the 
curve that occurs near year 15 (1980) results from the need to replace 
production and transmission equipment at that time. 

Figure VII. 2 displays the same information as Figure VII. 1 except 
that costs are viewed from 1973 rather than from the begltmlng of the 
project. Notice that the scale on Figure VII. 2 differs from the one on 
Figure VII. 1 and that values of AC-,, for j less than 8 are undefined 
(indicated by the flat part of the curve). From the time perspective 
of 1973, average costs through year 12 (1977) are, of course, much less 
than the $24 of AC^^ » value of ACg about $8.50 for a 

7.5% discount rate. This $8.50 is the total projected expenditure 
between 1973 and 1977 divided by the projected number of years of 
student use between now and 1977, each prop<arly discounted. The small 
bump at year 15 on Figure VII. 1 is much u£::^±f±ed in Figure VII. 2; this 
is both because the fixed replacement costs are a larger fraction of 
average costs viewed from 1973 and because they are less discounted since 
they are by 1973 much nearer in the future. 

Table VII. 3 presents exact computations of AC^^ based on a 7.5% 
discount rate and the figures in Table VII. 1 for total cost. The top 
row of Table VII. 3 corresponds to the graph in Figure VII. 1 and its 
fifth row corresponds to the graph in Figure VII. 2. Tabic VII. 4 presents 
the same coitputatlons for costs to the Salvadoran goverenment instead 
of all inclusive costs; except in the lower right hand comer, costs 
in Table VII. 4 are lower than corresponding costs in Table VII. 3. The 
appropriate cost to use depends on one's vantage point. At the time of 
El Salvador's initial decision, the long-run average cost to the 
government AC- iti Table VII. 4 was the mast useful number for 



1966 corresponds to year 1 arid 1988 corresponds to year 23. 
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El Salvador to consider; by 1973, for long-term planning, the values of 
ACq ^- are perhaps most useful. On the other hand, for present short 
term expansion or contraction decisions, the marginal costs are the 
appropriate ones to use.^ If El Salvador had not had grant and loan 
opportunities, the all inclusive costs of Table VII. 3 would be more 
appropriate. 

In terms of what others can learn from El Salvador's experience, 
the most useful number is perhaps the long term average cost viewed 
from when El Salvador commenced expenditure. At the 7.5% discount rate, 
this number, AC^ is seen from Table VII. 3 to be $14.97, say, $15.00. 
If the students view an average of 170 hours of ITV per year, Vhe cost per 
student hour is $0.09. It should be kept in mind that these costs assume 
that the system continues through 1988 and, more importantly, that the 
rapid expansilon of enrollments projected in Table VII. 1 is in fact attained. 

The cost of ITV is necessarily an add-on to whatever else may be 
provided the students. The introduction of ITV may, however, facilitate 
reduction of other costs and the next subsection considers very briefly 
the factors that may allow offsetting of ITV costs. 

3. FACTORS OFFSETTING THE COST OF ITV 

This subsection presents a vary brief analysis of how ITV costs have 
in part been offset by reduction of other input factors to the schooling 
process. The principal cost of conventional instruction is, of course, 
teachers' time and the offsetting factor to be considered here is 
reduction in teacher time per student. The amount of teacher time, 
expended per student depends on class size, C , and the relative 
length of the student and teacher school weeks. If h^ is the number 
of hours in school per week of a -fvH-time student and h^* is the 
number of hours per week of a fiaitime teacher, the student to teacher* 
ratio, S , can be defined to equal (h./h^)C . Thus, if teachers teach 



A more detailed analysis of El Salvador ITV costs, including 
discussion of expanding the system to the first through sixth grades, 
may be found in Jamison and Klees (1975) . 
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two fuU shifts (h,/h^ - .2) . and the average class size is 40. the 
student to teacher ratio will equal 80. ITV costs can be offset by 
increasing that ratio through increases in G or h^ or through 
decreases in h . If the n>echanism is through increases in teacher 
hours, teacher salary increases must be less than proportional to 

those hour increases* 

in El Salvador the introduction of ITV has tended to reduce costs 
by increasing both teacher hours and class size; counterbalancing these 
cost reductions are. of course, the costs of providing the ITV. This ^ 
subsection provides approximate estimates of the instructional expenditures 
per student as we assume it would have been if ITV were not introduced. 
E(no ITV) . and as it was after the introdUrtlon of ITV. E(ITV) . These 
estl^tes are based on occasionally shaky or inconsistent data but are 
probably accurate to within 15 percent. 

After the Reform instituted changes in the school week, students 
attended 25 hours of classes per week, A full load for teachers who 
«.ore not assigned to double sessions was also 25 hours (h^ - h^ - 25) . 
Prior to the great expansion in the numbers of students attending Third 
cycle, which began in 1971. average class size was no more than 35. 
we use that as an estimate for class size, and 25 hours as estimates 
of both student week and teacher week, the student-teacher ratio was 
35-1. At a salary of $1800 per year^ for a 25-hour work week, which was 
the 1972 cost, the instructional expenditure per student was $52 per 
year. If the Reform had been mounted without ITV and traditional class 
size had been maintained, that would have been the cost per student.. 

However. ITV was introduced, and accompanying 'It wera trwo other 
changes affecting cost per student. Average classroom size v.s incr. ,ed. 
as smaller Third Cycle schools were closed and more students matriculate 
at the schools remaining open. At the same time, teacher load was 



SThis report uses the ^ ' ^^^^^^'^J^^^ 
tlT.l^L':^lX^^^^^ supplies. Which are 

assumed to be the same with or without ITV. 

WOR. "Plan Qulnquenal de Ramo Education 1973-1977." June. 1972. 
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increased from 25 to 35 hours (ah Increase of 40%) while teacher salaries 

were only Increased by 20 percent to $2,165."''^ While one cannot say 

definitively that such changes would not have occurred unless ITV had 

been introduced, that may be a reasonable assumption. Certainly the 

Ministry planners believed that one of the advantages of extending ITV 

to primary schools would be "to help the teacher who sees himself as 

overburdened by his work day with double sessions. "^^ 

Given the longer v^ork week, the teacher cost per student equals the 

teacher wage divided by the student to teacher ratio; that is, it equals 

$2,165/S ; since S = (h /h )C = (35/25)C , the teacher cost per student 

c s 

equals $1546/C , wher<^ C is the class size after the introduction of 
rrV. In addition to teacher costs, one must consider television costs 
per, student to the government; the equation giving costs to the g;Ovemment 
summarized these expenditures. The annualized ITV costs per student are 
seen from that equation to equal $799,000 + $1.10N, where N is the 
number of stud/erii^.s us.ing the ITV system. The sum of this plus teacher 
costs give the t^^r student costs with ITV, E(ITV): 

E(ITV) = $1,546/C + $799,000/N + $1.10 . 

It is not yet clear what the average class size will become after 
El Salvador's Educational Reform is fxilly implemented. In order to 
illustrate how class size and N jointly affect the per student costs. 
Figure VII. 3 shows how E(ITV) varies with N for three values of 
C : C = 35 ; C « 40 ; C ^ 45 . 

Figure VII. 3 also shows E(no ITV) , the assumed instructional cost 
if ITV had not been introduced,- of $52. , E(no ITV) does not, of course, 
vary with N . All points on the E(ITV) curves that lie below the 
E(no ITV) curve indicate combinations of class size and total enrollment 
that result in having instructional costs per student be less with ITV 
than without. For example, if C » 40 in Figure VII. 3, this indicates 



•"-^Ibid, p. 33. 
•'■■''Ibid, p. 33. 
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that with more than 60,000 students using ITV., the cost per student per 
year would be less with the ITV system than without the changes in 
class size and teacher hours which accompanied the introduction of 
rrV. It thus seems quite possible that the use of ITV in the Reform 
in El Salvador will be accompanied by a reduction in unit costs. 
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CHAPTER VIII 
THE STANFORD INSTRUCTIONAL TELEVISION SYSTEM 

The Stanford Instructional Television System, established In 
1968, Is one of a number of ITV systems In the United States, with 
a clientele consisting of full-time employed professionals. These 
systems are typically operated by universities and provide under- 
graduate and graduate higher education. Students who are part of 
the system receive all of their instruction via the ITV system. 
For example, students in the Stanford system may receive a Master 
of Engineering degree from Stanford or a Master of Business Administra- 
tion from Golden Gate University. 

This system was established to extend learning to persons for 
whom classroom attendance was difficult because of either commuting 
distances or interference with normal work activities. By reducing 
these problems, it is possible to extend continuing education to 
professionals who might ordinarily forgo further education. In 
addition, the system reduces the loss in work time for companies 
which ordinarily allow students to attend classes during work. Pettltt 
and Grace (1970) mentioned that one company estimated a savings of 
2.5 man years during one academic year when the ITV system was used. 
Unfortunately, they did not report the number of students from this 
company. 

The system differs from typical formal education programs where 
a receiver (television or radio) is in a classroom and viewed by a 
group of students, and from distance learning where students view 
or hear programs at sites of their own selection* Several companies 
in the area near Stanford have established themselves as reception 
points by equipping one or more rooms in their buildings with receivers. 
A typical Stanford engineering class has an instructor and on-campus 
students in a studio classroom and one or more off-campus students 
in several of the company classrooms with no Instructors in these 
classrooms. 
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The original decision to establish the system included the 
objective of providing an equivalent quality education for off-campus 
students. The companies which joined the Stanford ITV system in 
the early years established talkback facilities. The video portion 
is a one way broadcast from the studio classroom to the company 
classrooms but the audio portion is a two way process allowing the 
students in the company classrooms to ask and respond to questions. 
The response of a student is rebroadcast to the other company 
classrooms. Although the students are geographically separated, 
the system has been established^ to duplicate the more traditional 
setting. 

Two organizations utilize the Stanford ITV system. The first 
broadcasts Stanford engineering courses which are part of the normal 
graduate program at Stanford. The second organization, the Associa- 
tion for Continuing Education (ACE) broadcasts a variety of programs 
designed to serve the interests of the companies which are members 
of the Stanford ITV system. In 1974 there were 37 member companies 
and 30 of these had established classrooms. There were 2,142 students 
for the Stanford engineering courses and 2,800 for the ACE courses. 

1. THE SYSTEM 

Technical Characteristics 

In 1963 the FCC designated a band of 31 TV channels to be used by 
educational institutions and called it ITFS (Instructional Televisior 
Fixed Service). The band extends from 2,500 to 2,686 mHs with each 
channel occupying 6 mHz. Channels are usually allocated in groups of 
four with 6 mHz in between each channel. The maximum power of any 
station is 10 watts, and, because of the high frequencies of the 
broadcast, special equipment' is required to convert the signal to 
the lower frequencies used as input to a standard television monitor. 
In response to a proposal by Stanford, the FCC in June 1969 set aside 
an additional band of 4 mHz (2686-2690 mHz) to allow for FM radio 
talkback. 199 
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Broadcasts originate on the Stanford campus and the signals are 
sent from the master control room to a mountain top transmitter 7.9 
miles from campus via a 12 GH mlcrovave link. On the mountain , 7 of 
the 10 available watts are utilized for a 160^ omnl-dlrectlonal 
transmission and a coverage of 20-25 miles Is possible. The 160^ 
beam Is utilized since all receiving sites are located on one side 
of the mountain range. The remaining three watts of power are 
focussed Into higher gain beams to areas 35-40 miles from campus. 

On campus there are four classrooms and one auditorium equipped 
for transmission* There Is a control complex of five control rooms 
for the classrooms and the auditorium, and a separate master control 
for all of the rooms. The control complex and the master control 
room are linked by cable. The audltorliim has. 200 seats, five 23" 
monitors for viewing In the auditorium, and two GPL-1000 Vldlcon 
cameras (one rear and one overhead) . Each classroom has 45 seats 
with one 9" monitor for every two seats, 2 cameras, and an 
Instructor's desk (with facilities for showing slides, transpar- 
encies, etc.). Attached to each of the classrooms Is an overflow 
room of 25 seats with one 9" monitor for every two seats and no 
broadcast facilities. The monitors In the classrooms and auditorium 
are utilized to enable on-campus students to view diagrams, charts 
and notes broadcast by the overhead camera. 

At each receiving site a special antenna and a down converter 
are required. In addition to standard television monitors for recep- 
tion of the video and audio broadcasts. There may also be from one 
to four classrooms each Independently switchable to receive broad- 
casts from any one of the four channels. Two types of talkback 
facilities are possible: a system which allows simultaneous talk- 
back from any of the classrooms at a given location on different 
frequencies or a time-shared talkback system which allows for 
talkback on only one frequency from a given location, regardless 
of the number of classrooms. The first option allows students at 
a location with more than one classroom to simultaneously ask 
questions In different courses. The second option allovra only one 
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'student to speak from a given location even If four courses are being 
viewed. Different frequencies are allotted to each of the courses 
being broadcast. Special eqiilpment Is utilized which allows only 
one off-campus student to speak on each frequency • 

While broadcast Is possible on four channels simultaneously, 

most of the receiving sites have fewer than four classrooms as It 

t 

Is unlikely that four courses being broadcast simultaneously would 
all be of Interest to individuals at a given company. 

Organization and Utilization of Stanford Engineering Courses 

The broadcast of -Stanford engineering courses is a continuation 
of the Stanford Honors Cooperative Program (HCP) which was begun in 
1953 to allow students with full time positions in local companies 
to pursue graduate education In engineering and science. Prior to 
the advent of the television system, these students had to commute 
to campus. Regular Stanford admlsjsion procedures and privileges apply 
to these students. As tuition was calculated to cover approximately 
one-half of the costs of education, the HCP students are required 
to pay a matching fee equal to the amount of the tuition. The 
courses that are received via television also have an additional 
surcharge of $20 per course. 

Students may also take the course on a noncredit basis (non- 
registe.Ted option— NRG) and pay the matching fee and the TV surcharge. 
These students may later apply for admission to a regular degree 
program if their grades are high enough and, by paying the tuition, 
apply the credit towards a degree. Since the courses that are broad- • 
cast are regular university courses, the admission from the above 
categories of students is limited to 50% of total class enrollment 
with' priority given to students in the Honors Cooperative Program. 
The remainder of the enrollments consists of regular full time 
Stanford students. 

A third category of students consists of auditors who receive 
class material but who are not graded. In order to ^courage increased 
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auditor enrollment and raise rev^inue, Stanford in 1971 established the 
following pricing schedule for each company: 

Total number of auditors Fee for each 

per quarter auditor 

1-20 $75.00 

21-40 $ 0.00 

41 - 80 $37.50 

81-150 $ 0.00 

> 150 $20.00 

Under the previous system of charging $135.00 per auditor, there was 
an average of 30 auditors per quarter; this figure climbed to 450 by 
autumn, 1973. Since the auditor only receives printed material, there 
is a small drain on resources of the system and revenues have more 
than doubled. 

Regular Stanford faculty members are used in these courses and 
instead of teaching the class In a regular classroom, the course is 
taught in one of the TV classrooms and broadcast live from that 
facility. 

Utilization of the Stanford engineering courses for 1968 (academic 
year 1968-69) through 1987 is reported. Enrollment and broadcast 
schedules are used for 1968 through 1974 and projections were under- 
taken from 1975 on. Stanford has broadcast an average of 40-45 
courses each quarter during the autumn, winter, and spring quarters 
and 20 during the summer quarter. During the past two years (1973 
and 1974), a total of 130 courses has been broad:;ast, and as no 
expansions are planned, it has been projected that 150 courses per 
year will continue to be broadcast. 

A Stanford engineering course is typically 30 hours in length. 
The broadcast of 150 courses involves 4,500 hours of broadcast time. 
When one considers that these courses are normally scheduled from 
8 a.m. to 12 p.m. and 1 p.m. to 5 p.m. on Mondays to Fridays, then 
for four 10-week quarters there is a total of 6,400 -hours available 
for broadcasting of engineering courses and the ^stem is under- 
utilized. 
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HCP and NRO students are considered to be registered students 
in Table VIII.l and auditors are considered separately. When the 
new fee schedule for auditors was instituted in 1971, the number 
of registered students dropped by one-third (from 939 to 622 students) 
while the number of auditors increased dramatically from 98 to 737. 
However, in the last two years there has been an upsurge in the 
number of registered students (658 in 1972 to 962 in 1974) and a 
decline in the number of auditors (1,321 in 1972 to 1,180 in 1974). 
The projection of utilization for 1975 and beyond involved conserva- 
tive assumptions of 25 students transferring from auditor status 
to registered status each year and an additional 25 students joining 
the system as registered students each year. With these assumptions, 
total enrollment is projected to increase from 2,142 students in 
1974 to 2,467 In 1987. 

Organization and Utilization of ACE Courses 

The Association for Continuing Education (ACE) was formulated to 
meet the needs of local Industry, and a wide variety of courses is 
presented, including courses leading to a Master of Business 
Administration degree from Golden Gate University, preparatory 
courses for the MBA degree from the College of Notre Dame, technical 
courses in Cybernetic Systems in cooperation with California State 
University at San Jose, four courses leading to a certificate in 
Supervisory Management, and special courses designed to meet specific 
needs of the member firms. ACE rents office space on Stanford's 
campus and pays $18.00 per hour for use of the studio classrooms, 
broadcasting equipment and technicians. Courses are presented Mondays 
to Fridays from 7 to 8 a.m., 12 to 1 p.m., and 5 to 7 p.m. In this 
manner air time is used that would be unusable for broadcasting the 
Stanford engineering courses. 

The Association for Continuing Education has two arrangements 
with companies and several different arrangements with the universities 
that are of particular Interest since the Stanford and ACE 
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organlzatlonal arrangements have Inspired proposals on other campuses 
(College of Engineering, 1972), Committed companies pay an annual 
fee of $12,000, and in addition to receiving reduced tution for 
most of the courses, they are entitled to request four 4-Week 
courses each year that meet their own requirements. Students from 
these companies pay $75 per course for Golden Gate MBA courses to 
ACE, and no fee to ACE for courses designed by ACE or the College 
of Notre Dame. Students from xincommitted companies that pay no 
fee are charged $374 per course for MBA courses and $50 for ACE and 
Notre Dame courses. Students from all companies pay $15 per course 
to the College of Notre Dame for Notre Dame courses and regular 
tuition for San Jose State University courses. 

For the Golden Gate MBA courses ACE pays a fee of $2,500 per 
course and Golden Gate is responsible for hiring the instructors, 
printing materials, and designing the course. ACE receives all 
student fees for the MBA courses. San Jose also hires its own 
instructors and designs the course, but they pay ACE a fee of $60 
per unit per student. For the College of Notre Dame courses ACE 
hires instructors and bears all other expenses. The College of Notre 
Dame receives $15 per student per course and grants credit for the 
course. 

Utilization of ACE courses is reported in Table VIII. 1. The 
number of courses has increased by an average of 11 per year from 24 
in 1969 to 80 in 1974. It has been assumed that ACE will continue 
to add five courses per year through 1987. 

While the number of courses has Increased, the average course 
length has decreased from approximately 32 hours in 1969 to an 
* average of 22.5 hours in 1974. For purposes of projection, the average 
course length has been assumed to be 24 hours for 1975 through 1987. 
As ACE can use the television system only during hours not reserved 
for Stanford engineering courses, there is a total of 2,880 hours 
available during the four ten-week quarters.. If Stanford continues 
at the same utilisation rate, then an additional 1,900 hours are 
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available during times normally reserved for Stanford. If one designs 
short courses for the twelve weeks of the year for which no courses 
are broadcast for Stanford, an additional 2,784 hours become avail- 
able. A total of 7,564 hours is potentially available for ACE courses* 
The projections fox utilization result In only 3,480 hours In 1987. 

While the number of students enrolled in all ACE courses has 
more than doubled from 1,365 in 1969 to 2,800 in 1974, the average 
class size has declined from 57 to 35 students. For purposes of 
projecting utilization, it has been assumed that class size will 
remain at an average of 35 students. This results in an assumed 
enrollment of 5,075 students in 1987. 

Effectiveness 

This system utilizes one way video transmissions with two way 
audio so that students may ask questions of the Instructor, While 
the two way audio adds to the cost of the system, there is no 
convincing evidence that it contributes to the effectiveness of the 
courses; Martin-Vegue, Morris and Talmadge (1972) suggested that the 
major reasons for Including two way audio may have been to gain > 
faculty acceptance and to allow off-campus students not to feel like 
second class students. However, at present Stanford University has 
no requirement for installing two way audio as a systems component 
for newly Joining companies. 

Dubin and Hedley (1969) in a review of the effectiveness of ITV 
at the college level, concluded that while there were no significant 
differences in the effectiveness of one-way television with conven*- 
tional face to face Instruction (for example, lecture, discussion), 
television with two-way audio was Inferior to conventional Instruction. 
Dubln and Hedley based their conclusions on a summarization of the 
results of 93 studies comparing televised and conventional Instruction. 
However, of the 26 studies comparing conventional instruction with 
two way television, 25 came from one school (Los Angeles City School 
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District, 1959) and the results may indicate poor organization or some 
other deficiency of the partictilar system rather than ineffectiveness 
of two-way television per se . 

Chu and Schramm (1967) concluded that: "The lack of opportunity 
for students to raise questions and participate in free discussion 
would seem to reduce the effectivness of learning from instructional 
television, particularly if the students are fairly advanced or the 
material is relatively complicated" (p. 91). However, vhlle they 
cited evidence that students are less dissatisfied when two way 
audio is available (Stuit et al. , 1956 and Southwestern Signal Corps 
Training Center, 1953), the evidence they cited regarding the 
effectiveness of two way audio (Wolgamuth, 1961 and Greenhill, 1964) 
leads to a conclusion of no significant differences with respect to 
conventional instruction. 

In studies of students utilizing the Stanford system, Jamison 
and Lumsden (1975) found no significant differences in learning among 
students in the classroom, students utilizing the two way audio 
facility, and students viewing the lectures on videotape. 

Wells (1974), in an analysis of student opinions regarding the 
Stanford system, found that students felt that the two way audio system 
was necessary although they were less inclined to use the two way 
audio than speak in a traditional classroom setting. ^ 



2. SYSTEM COSTS 



Year by Year Cost 

Costs for the Stanford ITV system are presented in Table VIII. 2 
in 1972 U. S. dollars. The total investment in production and trans- 
mission equipment, on-campus classroom reception, construction, and 
personnel in planning and construction was approximately $850,000. 
This compares with $825,000 spent by the University of Southern 
California in the construction of a similar facility. The USC 
facility was recently built and it is expected that equipment costs 
have risen. However, since Stanford was the first system to utilize 
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this technology, USC probably benefited from the experience and was 
able to reduce planning costs. This figure may also be compared with 
the estimate given by Martin-Vegue et al. (1972) for a similar 
four channel ITV system with audio talk-back. Their estimate of 
$5359000 for equipment and personnel is lower than the experiences 
of Stanford and USC since Martin-Vegue et al. igiiored instruction 
costs. The costs for reception are borne by the participating 
companieo and are not included in the above ir^vestment figures. 
The costs to the companies for reception equipment in Table VIII. 2 
of $337,800 in 1968 and $35,400 in 1972 are derived from the estimated 
equipment and installation ^penses for the different types of 
reception equipment pr^asented and the configurations for companies 
presented in Table V£IIt3. The costs of reception are underestimated 
since there is no estimate available for construction expenditure 
by the companies to prepare classrooms. While there are 37 members 
of the Stanford system, there are classrooms at only 30 locations, 
and the number of classrooms and the type of equipment utilized 
varied among the locations. 

Administration for the Stiinford ITV system consists of a manager, 
two secretaries, and two engineers. Their salaries and fringe benefits 
are actual expenses for 1969 through 1974 and are assumed to Increase 
by 5% per year from 1975 through 1987. This estimate may be high, 
as the pattern seems to have been relatively constant salaries with 
an overcompensation for inflation in 1974. The administration for 
the ACE system consists of a manager, an assistant, and a secretary. 
When teacher salaries are excluded from the analysis, the adijlaalstra- 
tive salaried and office expenses (rent, supplies, and a couriers, 
service between companies and Stanford to distribute course materlaS^ 
and collect student papers) account for nearly 70% of aonual expenses. 

The technicians who operate the cameras during the classes are 
hired on an hourly basis. Their pay with fringe benefits averages 
to $3.80 per hour. Stanford students are given a short amount of^ 
training and hired as camera operators. 
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If one merely examined the expenses for the Stanford engineering 
courses, the costs of a similar ITV system for institutions wishing 
to replicate the system would be understated. All instructor salaries 
are excluded from the budget of these courses as the network simply 
broadcasts regularly scheduled Stanford engineering courses. There«> 
fore, in calculating the costs of the system, there are three 
possible approaches to instructor costs: 

(1) asstsne the cost is $0 since the ITV system is a marginal 
operation, that is, the engineering courses would be 
scheduled for on-»campus students and having these 
classes meat in studio classrooms Instead of regular 
classrooms does not affect the class but allows more 
individuals to participate, 

(2) prorate the instructor cost based on the number of 
off-campus and on-campus students, and 

(3) assign the full cost to the television system. 

The first and last of these alternatives are considered and the 
assumption is made that instructors would be paid $2,000 per course. 

The situation with instructor salaries is more complicated for 
the ACE courses since some instructors are paid by the ACE and 
others are paid by universities. However, for simplicity the £^aiae 
assumptions are made for ACE courses as for Stanford courses: 
instructor salaries are excluded or equal to $2,000 per course. 
As ACE courses tend to be of shorter length than Stanford courses, 
this amount is probably high for the ACE courses. 

The production of courses on the Stanford ITV system is probably 
one of the simplest possible for a television system: one instructor 
and one technician. Yet by using the overhead camera or the 
projectors, it is possible to utilize many of the advantages of the 
television technology. 

The final production cost in Table VIII. 2 is the studio cost of 
$18 per hour charged to ACE for use of the facilities. When the 
total costs of the system are calculated., this cost is ignored as 



it is oerely a transfer of funds from one part of the system to another. 
If one wanted to calculate the costs to ACE^ then technicians' salary 
would be ignored as this is paid for from the Stanford engineering 
budget and the studio cost would be included. Since the Stanford 
engineering portion does not utilize the full system capacity, one 
would expect that the rational decision for efficient allocation 
of resources would be to charge a price equal to marginal cost (the 
extra cost to utili^e the system for one more hour). This aspect 
of the system "ill be analyzed in the next section. 

In summary, one can see from the cost tableau (Table VIII. 2) 
that for a total initial Investment of $1,187,300, an ITV system 
was established which allowed for simultaneous broadcast of four 
courses with audio talkback capabilities to an area with a radius 
of approximately twenty miles. The system included: four studio 
classrooms and one auditorium, each equipped with two cameras 
and several monitors; four on-campus overflow classrooms with 
monitors; and approximately 70 classrooms in 25 dljfferent locations 
with monitors and talkback capabilities. 



Cost Functions 

Cost data from Table VIII. 2 are used to calculate a cost function 
for the project where TC , total cost, is a function of N , number 
of students and h , the number of broadcast hours. This cost function, 
which is assumed to be linear, takes the general form: 

(VIII -1) TC - F + VjjN > Vj^h 

This equation may then be used to calculate average costs per student 
(ACjj). In the equation, F is a fixed v?ost of the system; Vj^ and 
Vj^ are the variable costs per student and per hour respectively. 

For purposes of calculation, the cost function data from 1974 
are used. In Table VIII.A all expenses labelled 'recurrent' are 
actual expenditures in 1974 and ail expenses labelled 'capita^^^^^ 
annualized values of capital expenses occurring prior to and including 
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1974. Capital expenses are annualized at three different interest rates: 

0%, 7.5% and 15%. Assumptions regarding the lifetime of equipment 

are explained in Table VIII. 4. To determine variable costs per student » 

the total enrollment (including auditors) of 4,942 students in 1974 

is used. The total number of broadcast hours, 6,290, is used to 

calculate variable costs per hour. 

Production and transmission equipment are assumed to vary with S 
the number of hours of production. The reception equipment is assumed 
to vary with the number of students. This is obviously a simplifying 
assumption as the purchases are lumpy, that is, the cost of equipment 
is a step function with respect to number of hours or number of 
students. An additional simplifying assumption is that teachers 
may be hired by the hour, although in fact they are hired by the course. 
The average variable teacher cost is $73 per hour and it accounts for 
approximately 80% of all variable costs at a 0% Interest rate and 70% 
at a 15% interest rate. 

A summary of the total cost functions (TC) , the average cost per 
student (AC^) , average cost per student hour, and the ratio of average 
cost to variable cost for students (ACL /V„) is given below. 



0% TC « 169,400 + 5.60N + 83.90h 146.60 26.18 5.70 
7.5% TC = 196,900 + 9.20N + 86.60h 159.20 17.30 6.20 
15% TC = 232,100 + 13.50N + 90.10h 175.10 12.97 6.80 

Several interesting facts emerge from this analysis. As expected^ 
the average costs Increase as the interest rate increases. The 
average cost per student at 7.5% is $159.20. While this may appear 
to be high, it should be borne In mind that this ITV system is not 
an addition to an educational system but has the main burden of 
Instruction. The figure of $159.20 Includes costs for Instructors 
and annualized capital, and is for a system with only 21 students 
per class on average. Using the same methodology, the average costs 
per student, including auditor enrollment, for the Stanford engineer- 
ing courses only at 7.5% interest would be $268.60 when teacher costs 
are included and $128.54 when teacher Xosts are excluded. 



Cost per 



!j^tal Cost Equation 
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If auditors are not Included, these average costs become $598.07 
and $286.22 respectively. One can see that the inclusion of teacher 
costs and the decision on whether or not to include auditors in the 
analysis have profound effects on costs. However, as expensive as 
the system might appear, it should be noted that if one can assume 
that tuition covers approximately half of all expenses for the 
entire university and tuition for a three unit engineering course 
is approximately $270, then only for the highest figure of $598.07 
(an average class size of only 7 students), does the television 
become more expensive than the traditional system. 

One can also use the cost functions to determine^, the appropriate 
charge to ACE for use of the facilities. Excluding the instructor 
cost of $73 per hour and the reception maintenance cost of $2 per hour 
from the variable hourly cost, the marginal hourly cost of the system 
is only $11.60 at 7.5% and $15.10 at 15%. This hourly cost includes 
a charge for the capital equipment and actual marginal costs would be 
even lower. It would appear that the charge of $18 per hour for use 
of the system is too high. However, one should note that the calculated 
costs do not include any charge for engineers' time as this ±b con- 
sidered a fixed expense of the system. If it were necessary to pay for 
additional hours of engineers' time as is currently done for techni- 
cians* time, the charge of $18 per hour may not appear to be high. 

A final interesting piece of information is the ratio of aver- 
age costs to variable costs. In a very broad sense this figure gives 
one an idea of the excess capacity of the system. When the ratio 
is very high, a great deal of capacity exists. At 7.5% the average 
cost for 4,942 students is $159.20 per student but the approximate 
cost of adding another student is only $9.20. As more students are 
added, the average cost per student will diminish. ,0ne should 
realize that $9.20 is a long-run marginal cost per student. In the 
short run, the cost of adding an additional student is nearly zero. 
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The use of cost functions Is a reasonable approach to the deter* 
mlnatlon of average costs. An alternative approach Is to calculate 
a summary average cost from year 1 of the project to year j, AC^j . 
This type of calculation makes full use of the yearly utilization 
data In Table VlII.l and the yearly cost data In Table VIII. 2. The 
average cost, ^^jj » calculated by discounting costs and utiliza- 
tions, such that 

i 

S C, /(I + r)^"^ 
k«l 

(VIII. 2) AC , = — j 

J N^/(l + r)*^ 

where r Is an Interest rate and Cj^ and Nj^ are costs and utiliza- 
tions (students or student hours) In year k respectively. 

When k " 1 we calculate the average costs of the project fxom 
its inception to different points in time (possible project termina- 
tion dates with an assumption of no recovery costs for equipment) . 
Table VIII. 5 presents the AC^ Information for Stanford engineering 
courses only with teacher costs excluded, auditor enrollment Included, 
and using an interest rate of 7.5%. The first row of the AC^ 
provides the information of the average cost per student for dif- 
ferent project lengths. Due to the large initial investment in 
capital equipment, average costs decline as the project length , Increases 
and more students use the same equipment. If the project had been 
terminated after the current year (1974)9 the average cost of the 
system for that time period, AC^ ^ , would be $252 per student. If 
the project runs a full 20 years, the average cost, ACj^ 20 • declines 
to $155 per student. 



218 



r208- 



CI 

iH 
U 
0 



8 



00 



00 



00 



m 

GO 



00 



o 



so 



CO 


in 


CO 




a\ 






CNJ 


o 


o 


00 


o 


ON 


CO 


o^ 


CNj 


in 


CO 


H 


H 


CNJ 


00 


CNJ 




m 


o\ 


ON 


ON 


ON 


ON 


o 


ON 


iH 
















00 


CNJ 


SO 


CO 




so 


CNJ 


2 


m 


in 


CNJ 




CNJ 




to 


rH 


so 


CNJ 


H 


o 


CNJ 


n* 


CNJ 


so 




o\ 


ON 


ON 


O^ 


o^ 


o 


W» 


rH 












1 

rH 




00 


1-4 


O 


SO 


o 






CO 




O 






sO 


CNJ 


rH 


o^ 


• 


* 


* 


_* 


* 


^* 


* 


* 


00 


CNJ 


o 


ON 


rH 




CNJ 




in 


o\ 


ON 


00 


ON 


o^ 


o 
















rH 




iH 


CO 


m 


m 


O 


00 


a\ 


CO 




CM 




so 




sO 


CO 




• 


* 


* 


• 




* 


* 


* 


CO 


iH 




00 


o 


so 


CNJ 


CNJ 


vO 




00 


00 


ON 


ON 


o 


o^ 


•H 












rH 




CO 






o 


so 




rH 


CO 










CNJ 


CNJ 


SO 


so 


• 


• 


• 


• 


• 


• 


* 


* 


o 


o 


00 






SO 


CO 






ON 


00 


00 


00 


ON 


o 


CO 


iH 












rH 




00 


iH 


CNJ 


00 


so 


SO 


rH 






to 


m 


00 


ON 


rH 


rH 




• 


• 


• 


• 


• 


_ * 


* 


* 




o 


00 


so 


00 


00 


rH 




00 




00 


00 


00 


ON 


rH 


00 


iH 












rH 








o 


a\ 


00 


o\ 


O 






so 






00 


CNJ 


CO 




• 


• 


• 


* 


* 


* 


* 




CO 


CO 


o 




so 


CNJ 






o\ 


00 


00 






00 


00 




iH 
















00 


iH 


in 




tn 


00 






iH 


00 


ON 


00 


CO 


o 






* 


• 


* 


* 


* 








m 


CO 


ON 


m 


CO 


rH 






CNJ 


00 






r** 








CNJ 
















CNJ 


00 


so 


m 


CO 










so 


O 




CNJ 








• 


• 


• 


• 


* 








m 




CNJ 


to 


00 








o\ 


00 


00 


r** 


so 








CNJ 
















CNJ 


CO 




o 












so 




to 










• 


• 


• 


• 










CO 


CO 


so 


m 










CNJ 


o 


o\ 


oc 










m 


iH 
















SO 


iH 












o 


CO 


SO 












• 


• 


• 












o 


m 


O 












o 


iH 


iH 












00 


iH 


iH 













CO 

CNJ 



o 

O 



o 
o 

a\ 



o\ 



m 
as 



CO 



CNJ 

CO 



CNJ 

o 



CNJ 

00 



o 
o 



o 

CNJ 



so 



o 



so 

o 



m 
o 



CM 
CNJ 



o 



00 
00 

o 



o 

00 



so 

o 



as 
o 



o 



o 
o 



so 

CO 



CNJ 



00 


ON 


O 


rH 


so 


SO 






ON 


ON 


ON 


ON 


fH 


fH 


rH 





CO 


m 




ON 


rH 


CO 










00 


00 




ON 


ON 


ON 


o\ 


ON 


s 


rH 


rH 


fH 


H 


H 





so 




00 


00 


00 




o> 


ON 


fH 




rH 



-209- 



Another interesting row is the one using the next year of the 
project (1975) to help the planner determine future possibilities 
of the project. As soon as the initial year of the project is 
excluded 9 the initial investment costs are treated as sunk costs 
and not included in the analysis. From Table VIII. 5 the average 
cost from the present to the end of the planning horizon, ACg 2q » 
is $98. This cost is higher than AC^ 20 ^ " 2,000, 7Q^ The 

primary reason for the increase is the assumption of an additional 
$15,600 in reception equipment each year when only 25 students are added 
each year. In calculating AC^^^s for an assumption of no growth, 
that is, no additions to equipment and no additions to utilization, 
the situation changes 'dramatically. For a no growth assumption, 

AC^ 20 d^^l^"®® °^ly $151 20 ^®^1^®^ $^3. The 

initial capital expense is still an important component of costs 
where included but the lack of addition to capital equipment {which 
may have been too high relative to the number of students added) 
substantially reduced average costs. 

Other interesting questions can be answered with this average 
cost analysis. If one calculates the costs to Stanford excluding 
the reception costs, AC^ 20 l>®comes $122 assuming no growth and 
ACg 20 becomes $53. If one excludes auditors from the analysis, 
AC^ 20 Table VIII. 6 for the Stanford engineering courses 

becomes $287, a substantial increase above the $155 average cost, 
when auditors are excluded. The impact of adding teacher cost is 
also substantial. The average cost ACj^ 20 $571 when auditors 
are excluded and $309 when auditors are included- 

Two additional tables are included. Table VIII. 7 and VIII. 8, 
which are average costs for the entire ITV system with teac&er costs 
excluded in Table VIII. 7 and included in Table VIII. 8. Auditor 
enrollment is included in both tables. When the ACE courses are 
added to the Stanford courses, there is a sharp drop in average 
costs. Adding the ACE courses results in a division of capital 
equipment over more students. The ACE courses have an average 
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enrollment of 35 students whereas the Stanford engineering courses 
have average enrollments of 15 students with auditors and 8 without 
auditors. AC^ becomes $72 with teacher costs excluded and 
auditors Included, as compared with $155 for the Stanford engineering 
courses only. When teachers are Included, the costs for the length 
of the project, AC^^ 20 > ^^^^ ^^^^ entire system 

as compared with $309 for the Stanford courses. Finally, when 
auditors are excluded, from the analysis, AC- for the entire 
system is $88 when teacher costs are excluded and $201 when teacher 
costs are Included. 



In analyzing costs, great care must be given to the assumptions 
of the analysis and the types of decisions which are made. The major 
a88U]iq[>tion for the cost emalysls was the growth assimiptions for all 
years after 1974: an additional 25 students for Stanford courses, 
an additional 5 ACE courses and 175 students, an additional 4 
classroom locations with reception only capabilities, and an 
additional 4 classroom locations with time-shared talkback. The 
growth assumptions result in higher average costs compared wlth^ 
assumption of no growth for Stanford courses, and lower costs a 
no growth assumption for the entire system. 

The other important decisions from the standpoint of decision- 
makers at Stanford are: accounting for teacher costs, inclusion or 
exclusion of auditor enrollment, and Inclusion or exclusion of ACE 
courses. All of these considerations have important impacts on the - 
acrerage costs of the system. 

3. EXPANSION ALTERNATIVES 

A major expansion alternative which has been discussed is the 
addition of courses and new students within the Stanford area. Hofwevery 
even with the assumption of increased production, 35% of the capacity 



from 7 a.m. to 7 p.m., Monday to Thursday, and 7 a.m. to 5 p.m. on 
Fridays still remains. This time could be utilized at a cost of 
approximately $84 per hour counting maintenance, technician salaries, 
and teacher salaries. Many more students could be added by utiliz- 
ing existing facilities. Considering the investment in additional 
reception equipmtnt, more students could be added at a cost of 
approximately $9 per student. 

An additional and important expansion possibility is the use of 
videotapes. The Stanford ITV system has already begun the distribu- 
tion of videotapes to areas which are unable to receive direct 
transmissions. The only loss in utilizing videotapes instead of 
direct broadcast is the lack of talkback facilities. The costs of 
expanding the system may be conservatively estimated to be $50 per 
hour for recording and mailing a one-hour 1/2-lnch tape. Stanford 
already owns five video taping machines. At reception locations the 
investment would be much lower and require the purchase of video- 
tape playback machines only. A videotape playback machine with a 
monitor would cost approximately $800; adding a camera would raise 
the cost to $1,500. 

4. SYSTEM FINANCING 

All Stanford engineering and ACE courses are open to member 
companies only. Stanford has established a schedule of membership 
fees based on the size of the company. The purpose of the fees 
is to help Stanford recover the costs of the capital investment. 
There is a variety of payment plans but the one-time lump sum fees 
are the following: 



Annual Gross Revenue Lttmp Sum 
$5 million $2,200 
$5 - $20 million $8,800 

$20 - $50 million $17,600 

$50 - $100 million $26,400 

$100 million $39,600 



The operating costs of the system are financed through the $20 
television surcharge for HOP and NRO students for the Stanford 
engineering courses and through the fee schedrj.e for auditors. The 
ACE courses are financed through a variety of means depending on 
the course: fees of $50 per student per course, lump sum payments 
of $12,000 by companies, and direct payments from other universities. 

From the viewpoint of the Stanford adsdnlst rat Ion, to determine 
the viability of the system In terms of recurrent expenses, the 
revenues would Include the $20 surcharge, auditor fees, and the 
studio charge to ACE. For 1974 this revenue was approximately 
$82,000, asstmilng an average of $30 per auditor. However, to this 
total one should also add the matching fees for the NRO students who 
are not matriculated and are not receiving credit. The annual 
operating budget Is approximately $140,000. 
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CHAPTER IX 

THE HAGERSTOWN INSTRUCTIONAL TELEVISION SYSTEM 

The instructional television system in Washington County, 
Maryland, lias perhaps the longest continuous history of any ITV 
project in the world. The project began transmission in September 
1956, with service to schools in the immediate area of Hagerstown, 
Maryland, and was gradually extended to all schools in Washington 
County. The network reached 6,000 students in 1956-57, 12,000 
students in 1957-58, 16,550 students in 1958-59, and 18,000 students 
(nearly 100% coverage of all 12 grades) by 1959-60. Initial equip- 
ment for production and reception, valued at approximately $300,000, 
was donated by the Electronics Industries Association. The Fund for 
the Advancement of Education and the Ford Foundation contributed a 
combined total of $200,000 per year for the first five years of the 
project. The county has ftinded the project since the sixth year 
(1961-62). The Chesapeake and Potomac Telephone company installed 
and maintains the six channel coaxial cable which connects all 
county schools with the studio facility in Hagerstown, The telephone 
company charges a rental fee for the use of the cable. The fee is 
based upon the amount of cable and not the utilization time. 

The system has been described in detail in county reports 
(Washington County Board of Education, 1963; 1973; and Washington 
County Instructional Television Evaluation Conmittee, 1973) . These 
documents include costs of the system, evaluations of the system 
comparing the academic performance of students using tele^sion with 
those not using television in Washington Comity and the per^^ 
of these students with average scores on standardized niaticm^^^^^ 
ment tests in a variety of subjects, and an attitude survey of students 
and teachers. 

1, THE SYSTEM 

Organization and Technical Characteristics 

A standard studio crew employs a teacher, two technicians, a 
director, a floor manager, and two camera operators Many of the 



-217- 



technical positions are filled by students from the local junior 
college and it is estimated that training of a novice can be 
completed in two weeks. The system has its own engineering and 
maintenance staff , which serves the needs of the central facility 
and the schools. 

In 1972-73 there were 31 TV teachers, 23 persons employed on a 
full time basis in engineering and production, 32 Junior college and 
other production personnel employed on a part time basis (equivalent 
to 5.1 full time personnel) and 9.3 full time equivalent personnel 
from support services such as, cinematography, graphics, audio- 
visual, and instructional materials. 

The teachers for television were originally drawn from the class-- 
room teacher supply in Washington County. The TV teachers have an 
organizational structure similar to traditional schools, except that the 
teachers report directly to the subject area administrators for the 
entire school distrj^ct. The studio teachers have not been rotated 
back to the classroom and several of the teachers have been teaching 
on television since. the beginning of the project. The most striking 
difference between classroom teachers and studio teachers is the 
instructional load and hence the availability of preparation time. 
A studio teacher teaches three 20-'minute classes per week while a 
classroom teacher typically teaches five 45-minute classes each day . 
The instructional time requirement for studio teachers is also 
satisfied by the use of videotapes of their courses from previous 
years with the studio teacher providing necessary updating and 
revisions. 

There are five television studios at the central facility in 
Hagerstown. These studios are connected with classroom television . 
monitors in the schools by the dedicated six-channel coaxial cable 
installed by the telephone company. In 1972-73 there were apprpxlr 
mately 800 receivers In the schools, l^st of the receivers are^ for 
black and white broadcasts only; however, the system has begun; to 
move toward production in color. 
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One of the most interesting features of the system from the 
technical standpoint is the relatively long life of equipment in the 
system. Videotapes which were purchased in the earlier years of the 
project are still being used. Through careful maintenance, the ; 
television monitors, that are ordinarily assumed to .function for 
five years, have been in use for many years. Of the 342 receivers 
purchased in 1955, over 140 were still in use in 1973. 

Utilization 

With six channels available and assuming a 35-hour school week 
for 36 weeks, there is a total of 7 , 560 hours avalUble for 
production. Of these hours, only 1,440 hours were used for original 
production in 1972-73, while 1,900 hours were used in 
There is clearly a great deal of capacity for additional or ^^^^ 
programning or use of programs from other distributors such asi 
National Instructional Television, Learning Corporation o^ As^ » v 
and the Maryland State Department of Education's Dlvlslw^ 
Excess capacity has been used for repeat broadcasts io^^^^ ^ ' 

senior high school programs to reduce scheduling conflicts^ f ; 

The Washington County school system is sm 
were only 22,000 students enrolled in all 12 grades . ; Te^^ 
Instruction has been available to all students since 19^ 
utilization of these courses by students is reported in T^ 
There are no expansion possibilities for increasing t^ 
students serviced by dae system. Students outside 
County can view open circuit broadcasts from the.Vaxy^^ 
Department of Education. , . . ' --t 

The only possible expansion possibility: is; :iiiore;?ipM 
hours. However^- the trend in recent years .has-' be^^^^ag^ 
number of broadcast hours. .Additionally, 'televises! ^ggs^^ 
longer required for twelfth grade students; County ^p^fl^^ 
estimated that 60% of these students- do view- the e^lel^^ 
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Television course schedules reporting the number of broadcast 
hours per week for each grade level were available for most years 
from 1958-59 on. The enrollment figures were combined with broad- 
cast schedules when available to determine the total number of 
student hours each year. The total number of student hours reported 
In Table IX. 1 was calculated by summing the products of enrollments 
and instructional time for each grade level, i.e., 

T.2 

(IX. 1) SH » 2 Epq X ITpq 
P q-1 

where SH^ is the total number of student-hours in year p , Epq is 
the enrollment in grade level q in year p , and ITpq is the 
Instructional time via television for grade level q in year p • 
When broadcast schedules were not available, a broadcast time for 
each grade level was assumed and equation IX. 1 was used to determine 
student hours. The utilization has fluctuated from 2,954,000 student 
hours In 1959 to a high of 3»255,000 in 1968. There has been a general 
decline since 1968. In 1972 only 2,588,000 student hours of utiliza- 
tion occurred. At this utilization level the average student is re- 
ceiving 117 hours of instruction each year. Assuming a 35 hour 
Instructional week for 36 weeks, this figure represents 9.3% of total 
instructional time for each student. 

Effectiveness 

Achievement results for students in the earlier years of the 
project have been reported in Washington Cotoity Board of Education 
(1963) and repeated in Wade (1967). In the first year of utilization 
(1956-57), fifth grade students gained an average of lv9 grade :\ 
equivalents on a national test. Achievement gains for students In 
mathematics for urban and rural students In grades 3, 4, 5 r and 6 
exceeded the national norm of 1.0 grade equivalents. Additionally, 
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within Hagerstown, students In a given grade had higher average test 
scores than their predecessors at that grade level with less exposure 
to television. For example, students In rural schools in grade 5 
scored: 5.34 in May 1958 with no television; 5.71 In May 1959 with 
one year of television; 6.03 In May 1960 with two years of television; 
and 6.11 in May 1961 with three years of television. 

Attitude surveys were also undertaken in the earlier years of 
the project. There was a general decline in teachers' opinions from 
primary school to senior high school as reported by Wade (1967) . 
For example: 76.9% of primary teachers and only 40.9% of senior high 
school teachers felt that television provided help in instruction; 
98.4% of primary teachers and 76.3% of senior high teachers felt that 
television provided a richer experience and similar numbers felt that 
television enriched and expanded the curriculum. 

Criticisms of the system la recent years have led to a county 
report (Washington County Instructional Television Evaluation Commictae 
1973) on the attitudes of parents, teachers, and students toward the 
system. It is unclear what sampling procedure was used for the 
attitude surveys but the results haVe been published in local papers 
and have been rather negative. For example, 2,439 students felt 
that they learned more from the classroom teacher while 707 felt 
that they learned more from the TV teachers; 2,111 of 3,360 felt 
that television did not motivate them to learn; and 2,201 of 3,244 
students felt that they would rather learn without television. A 
total of 180 responses was obtained from the general public. 
Approximately 60% of this sample felt that television did not 
contribute to learning, did not motivate students, and did not 
belong in the schools. The majority of these people also did not 
favor an increase in the use of television even if a benefit to 
student learning could be demonstrated or if costs would remain the 
same. Ihe use of television was more favorably vie«ved by teachers, 
although thfelr opinions declined relative to the earlier survey. 
Approximately 50% of elementary and secondary teachers responding 



833 



-223- 



to the survey felt that ITV did not improve the quality of instruction. 
Additionally, 50% of secondary and 75% of elementary teachers felt 
that their students were losing by the use of TV. 

2. SYSTEM COSTS 

Year by Year Costs 

Complete cost data were available for several years of the project 
and records of all capital equipment expenses were available for all 
years of the project. As opposed to many other ITV projects which 
have operated for only a few years, it is possible to analyze detailed 
costs for an 18-year period for the Hagerstown ITV system. Projections 
of costs were undertaken for only two years. The cost data for each 
year of the project are reported in Table IX. 1. 

The initial investment in equipment for the studios and class- 
rooms and construction of the central facility was $1,049,700. In 
other years of the project, new capital expenses rarely exceeded 
lOX of total expenses and have usually been approximately 3%. Annual 
expenses have increased from $724,300 in 1958 to $1,102,500 In 1972. 
Salaries for TV teachers have been 30-35% of total expenses; engineering, 
production and support salaries have been 20-25% of total expenses; 
administration salaries have been 7-8% of total expenses; and cable 
rental has been 15-20% of total expenses. 

Two items from the cost table are of special Interest. The long 
history of this project allows one to examine changes In relative 
prices of different elements of the system. In general, salaries 
have Increased at the general rate of inflation and have remained 
fairly constant in 1972 U. S. dollars. However, technology costs 
have been declining. The average price of television receivers has 
remained at $150 in current dollars. This results In an even larger 
decline in price In constant dollars. In current dollars only 
$53,783 was spent In 1955 for 342 black and vhite television sets. 
With an adjustment for inflation, this figure becomes $97,800 in 1972 
dollars. In 1972, $1,340 was spent on 11 black and white television sets. 
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The second Item of Interest Is the Impact of maintenance. The 
decline In relative prices for the equipment components of the system 
gives a more favorable picture of replacement expenditures than the 
true situation. Mora money, In constant dollars, was spent In 1955 
than In all the remaining years of the project. If one examines the 
amount of equipment purchases, a clearer picture of the replacement 
needs emerges. According to records kept by the maintenance department 
only 200 sets have been replaced during the entire life of the project. 
As there were 342 sets originally purchased, at least 140 sets are 
still functioning after 20 years. 



Cost Functions 

Cost functions for the Hagerstown ITV project have been estimated 
for 1972. Total cost Is asstmed to be a function of the number of 
original programnlng hours (1,440 In 1972) and the number of students 
served by the system (22,000 In 1972). The cost function Is given 
by the following equation: 

(IX.2) TC - F + VjjN + \h 

where TC Is total cost, 

N Is the number of students 

h Is the number of hours, 

F Is fixed cost, and 

V and V. are variable costs per student and per hour 
N h 

respectively. 

The data for the cost functions are drawn from Table IX. 1 and 
reported In Table IX.2. Recurrent costs In Table XI. 2 are expenditures 
during 1972. Capital costs are annualized values of equipment expenses 
from the beginning of the project to 1972. Three interest rates are 
used (02, 7.5X, and ISZ). Production equipment is assumed to have a 
20-*year life and was assumed to be variable with the numbeir of hours 
of production. Reception equipment was assumed to be variable witli the 
nmber of students and has a 15-year life. Transmission equipment is 
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normally assumed to have a given life and to be variable with the number 
of hours. However, Hagerstown only leases the cable used for trans- 
mission. The charges are not variable with the number of hours 
and have been treated as fixed, recurrent expenses. 

The assumptions of costs varying with the number of students or 
the number of hours are undertaken to represent the long-run variable 
costs. In the short run another student could be added to the system 
at a cost of virtually zero. However, over the long run, new 
receivers would have to be added. 

The cost functions calculated in Table IX. 2 are used to cjjlculate 
average costs per student (AC^^) , average cost per student-hour (tnere 
were 2,588,000 student hours in 1972), and the ratio of average costs 
to variable costs for students (ACj^/V^). These calculations ar© 
summarized below: 



Cost per 





Total Cost Equation 






Student Hour 


0% 


TC - 234.500 + .50N + 617h 


51.54 


103.08 


.44 


7.5% 


TC - 234.500 + .90N + 652h 


54.23 


60.25 


.46 


15% 


TC - 234.500 + 1.50N + 697h 


57.78 


38.52 


.49 



As the interest rate increases, all annualized variable costs and 
all average costs increase. The average costs per student ($54.23 
at 7.5%) are the costs to Hagerstown for providing an average of 
117 hours of instruction to each student via television. 

The rates of average costs to variable costs gives a rough 
approximation of the excess capacity of the system. When the ratio 
is high, excess capacity exists. For the addition of students, the 
long-term variable cost is only $.90 (at 7.5% interest). However, 
the average cost is $54.23. As more students are added to the system, 
average costs will decline. 
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An alternative methodology for analyzing the costs of the project 
and providing information for project planners is to calculate the 
average cost (per student, per hour, or per student hour) from year 
1 of the project to year j, AC^j . This calculation utilizes cost 
and utilization information for all years of the project from 1 to j 
Costs incurred prior to year 1 are treated as sunk costs, with the 
simplifying assumption of no recovery costs. The calculation allows 
the planner to determine an average cost of the project from the 
first year to different potential termination dates or allows the 
planner to analyze the costs of continuing a project. 

The equation for the calculation of AC^j is given by: 

S C./(l+ r)*" ^ 
k»l ' 

(IX. 3) AC,. - V 

^ / k-1 

S N /(1+ r)^ ^ 

where Cj^ is the cost in year k; Nj^ is the number of students in 
year k (or hours or student hours); and r is an interest rate. 

When k « 1, average costs are calculated from the beginning of 
the project to different termination dates. This calculation is 
reported in the first row of Table IX. 3. As one can see, as the 
project operates for more years, average costs decline. The steady 
decline is attributable to the spread of capital costs over increasing 
numbers of students. As expected, average cost per student would 
be very high if the project were terminated in earlier years. For 
Hagerstown the average costs declined rather rapidly to $60.53 
(ACj^ g) per student In 1962 and then declined to only $53.37 by 1972 
(ACj^ 18^ ' ^"^^ slow decline occurs because of the rather high 
expenditure each year on recurrent costs; that is, capital costs^ 
although spread over more students, are an increasingly less important 
portion of total costs. 
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To compare the AC^ calculation with the cost function, one 
should use AC^ , which Is the average cost per student for the 
first 18 years of the project; this cost Is $53.37. The average 
per student cost from the cost function Is $54.23 at 7.5%, which Is 
a comparable figure. 

Average costs per student hour have also been estimated and are 

reported In Table IX. A. In examining the average costs from the 

project inception, one observes a rather rapid decline from $1.72 

per student hour (for j » 1956, that Is, AC- «) to $.37 per student 

1, z 

hour (for j « 1962, that Is, AC- q) . The Interesting difference between 
the calculations for costs per student and per student hour Is the 
different picture presented to decision-makers In the present. The 
calculations for AC. q . present the expected average costs for 
continuation of the project beyond 1972. The average costs per 
student are lower than previously; that Is, AC^g Is $50.11, whereas 
AC£ ^g Is $53.37. However, In terms of average costs per student 
hour, AC. p .p Is $.43, whereas, AC. .p Is $.35. Continuation costs 

Xo,Xo X,Xo 

appear to be higher per student hour and lower per student than the 
average costs for the life of the project. The difference Is 
attributable to the treatment of all previous capital expenses as 
sunk costs In the calculation of AC^g ^g but the general decline 
In student hour utilization (the last row in Table IX. 1) results in 
an Increase in average costs per student- hour. 

Discussion 

The costs of the Hagerstown project have remained high because 
of the relatively low number of students Involved in the system and 
the rather high costs of programming derived from teacher and staff 
salaries. 

The length of the experience of the Hagerstown project allows 
us to see one important advantage of technology in the past; the 
declining relative price of equipment. The Importance of maintenance 
in extending equipment life has helped to keep costs lower on this 
project relative to a situation in which receivers are replaced every 
five years. 
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In 1972 the cotmty (Washington County Board of Education, 1973) 
estimated the cost of replacing the television system. The report 
estimated a need for an additional 16 high school teachers, 19 
middle school teachers, and 48 elementary school teachers for an 
annual cost of $846,600, and, further, that approximately 27 new 
classrooms would be needed at a capital cost of $357,500 ($32,175 
for a 7.5% Interest rate and a life of only 20 years). This compares 
with annual operating costs of $1,084,000 In 1972. If this cost 
differential could be expected to continue and If television Instruc- 
tion, compared with traditional instruction, could not be demonstrated 
to be more effective for student learning, then it may be vise to 
terminate the project. 

Although the project is expensive, the recommendations from the 
evaluation committee have been to continue using the system but to 
attempt to modify it to increase effectiveness and reduce negative 
reactions. Their recommendations, which will probably increase costs, 
include the following: 

1. The use of 'direct* televised instruction for art, music, 
and language for elementary levels and as a supplement 
for other elementary subjects; 

2. The use of ITV as a supplement only for secondary courses; 

3. The introduction of new 'direct' ITV use only when: 

a. there is evidence of a positive effect upon learning; 

b. an investigation has been made to determine if other 
material may be leased or purchased; and, 

c. a continuing evaluation for modification or cancellation 
of the course* has been established; 

4. The use of videotapes to allow time for editing and improve- 
ments prior to presentation; 

5. An investigation of the cost and feasibility of other 
instructional media to provide classroom teachers with a 
wide variety of resources; 
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6. The e'stabllshment of a system to rotate TV teachers back 
to the classrooms; 

7. The replacement of classroom receivers on a regular basis 
with consideration given to the xise of color receivers; 
and 9 

8. The development by the studio teacher of a test of the 
performance of students, to be used as a measure of his 
or her effectiveness. 



CHAPTER X 

THE KOREAN ELEMENTARY /MIDDLE SCHOOL PROJECT 

In the period 1970-71 the Republic of Korea undertook a major 
systems analysis of its educational sector; the purpose of the 
analysis was to ascertain the feasibility of improving the internal 
efficiency of the educational system and of making the system more 
responsive to Korea's economic and social needs Two Important 
conclusions of the analysis were that a single entity within Korea 
should take ^r<^sponslbility for educational re-form activities, and 
that an i?^ortant initial target for reform would be the elementary 
(grac?^s 1-6) and middle (grades 7-9) schools. 

1. THE SYSTEM 

ft . ' 

In August, 1972, the Government of Korea responded to recommendations 
by establishing the Korean Educational Development Institute (KEDI) 
under the direction of Dr. Yung Dug Lee. One of the first major 
tasks facing KEDI was development of a reform project kt the elementary 
and middle school levels (KEDI, 1974). The elementary/middle (E/M) 
project is now in the course of development, and final plans for 
implementation remain to be decided on. The E/M project will, 
however, use ITV and, to a lesser extent, radio to provide instruction. 
Present plans call for students in grades 2 through 9 to receive 
about six 20-mlnute television lessons per week by the :time the 
operational phase of the project begins in 1978| moriB intensive 
use of rrv will be considered if funds become available. : Plans 
> call for students in grades 1 through 9 to receive about ten 2(Hnixiute f 
radio lessons per week. In addition to use of ITV and IR, the E/M 
project will Involve reform of curriculum and textbooks atid may; Involve ^^^-^^ ^^^^^^ 



Florida StAte University provided technical assistance for 
sector analysis, and the report on their effort (Morgan and Chadwick, 
1971) presents the methods and conclusions of the ^^^^m 
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use of differentiated staffing, use of Individualized Instruction, 
and maintaining the overall student-to-teacher ratio with multiple 
grouping of students, such as small (30-40 students), medium (40-60) 
and large (60-80). The impact of the reform will be assessed as one 
aspect of an analytical case study of KEDI activities that will be 
undertaken by a team from the University of Pittsburgh (Masoner, 1975); 
thus the process and outcomes of the reform will be well documented 
from near the outset. 

At the time of this writing (September, 1975) the E/M project Is 
at a critical juncture. The first phase of Its activities — Initial 
planning for and tryouts of the new Instructional approaches — Is 
nearlng completion. Its transmission facilities and new studios are 
scheduled to become operational within a few months, thereby allowing 
the second major phase of the project — comprehensive demonstrations 
in 30 schools — to begin, and a third one in 45 schools. The demonstra- 
tion phases will continue through February, 1978* A fourth phase, 

that of nationwide Implementation, will begin in the course of the 
3 

demonstration, and In parallel with it; implementation is planned to 
occur in the period 1976-1980. 

The KEDI E/M project is ambitious in the comprehensiveness of the 
reform it plans to Implement and in the extent to which, like Nicaragua 
Radio Mathematics Project (Searle, Friend, and Suppes, 1975), it will 
attempt to utilize research results from educational psychology in its 
instructional design. The project is, in addition, utilizing the most 
recent technical advance in transmission systems, the tethered aerostat 
for signal distribution; KEDI's use of an aerostat will be the first 
use made of this technology for television broadcasting. For all 



Bostick (1975) provides a detailed analysis of the economic 
Impact that differentiated staffing would have on the E/M reform. 

^Present KEDI planning calls for operational installation of 
6,950 TV receivers in over 20,000 classrooms in 1976; these are in 
addition to 168 receivers (1 receiver per 2 classes) to be installed 
in demonstration schools. Final budget authorization remains to be 
made for the operational installations. 
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these reasons, then, the E/M project will be closely observed and 
Its costs will be Important to ascertain. The cost Information we 
shall present In this paper Is based In part on costs that have been 
incurred, and In part on present KEDI plans. The results are thus 
tentative. 

In the next section we . of f ei: present estimates of the costs of 
various coi]q>onents of the system~development and start up aci:lvltles, 
program production, program transmission, and reception. lu the third 
section we use this information to obtain cost functions for the 
media aspect of the E/M project. 

2. SYSTEM COSTS 

In this section of the chapter we will present information on the 
various components of the costs of the media aspects of the E/M project. 
We first discuss development and start up costs, then production 
costs, next transmission costs, and, finally, reception site costs. 

System Development and Start Up Costs 

Table X.l shows system development and start up costs. These costs 

• 4 

total $3,111,200. The table also shows the annualized value of these 
start up costs asstmilng the costs to be spread over an estimated 20- 
year project lifetime. These start up costs are the total estimated 
to be incurred during the period September, 1972, through February, 
1978. 



4 

As discussed in Chapter II, we annualize capital costs by using 
the standard jsiccounting annuallzatlon formula; if we are given an 
initial cost, C, for an item of capital (start up activities as well 
as equipment are considered capital) , its period of usefulness in years, 
n , and an luterest rate of cost of capital, r , the annualized cost 
of the capital is given by a(r,n)C . The annuallzatlon factor, a(r,n), 

is in turn given by: a(r,n) - (r (1 + r))^ / ((1 + r)^ - 1). 
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TABLE X.l 

SYSTEM DEVELOPMENT AND START UP COSTS 



Item 



Amount 



System development (Including book writing 
and currlculimi preparation) 

Training and technical assistance 

Contingency 

TOTAL 



$2,411,200 
419,200 
280,800 

$3,111,200 



Total, Annualized at 0% 
Total » Annualized at 7.5% 
Total, Annualized at 15% 



$155,200/yr. 
$304,800/yr. 
$496,800/yr. 



These annuallzatlons are based on spreading costs over a 
hypothetical 20-year project lifetime. 
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Program Production Costs 

KEDI Is now completing the construction and Installation of 
equipment In a large new studio and research facility. The facility 
will have two radio studios and two TV studios (one of 3,600 square 
feet, the other of 2,400). Table X.2 shows construction costs for 
the entire facility, and apportions those costs among the TV studios, 
radio studios, and research center. It also shows the costs of 
studio equipment. Including shipping. The table shows annualized 
values of these capital costs using KEDI's lifetime estimates and 
interest rates of 0%, 7.5%, and 15%. The estimated total cost of the 
TV studios, including equipment, is $2,032,000; that for the radio 
studios is $194,400. 

Table X.3 shc^s estimates of the recurrent costs per program; these 
total .$439 per 20-^mlnute TV program and $22 per 15-minute radio program. 

In order to obtain a rough estimate of the total cost per 
program, the recurrent cost per program (from Table X.3) must be added 
to the cost per program of capital facilities. To compute this we 
assume that the capacity of the TV studios is 1,860 programs per 
year, and that that of the radio studios is 9,620. The annualized 
capital costs of the TV and radio facilities (item C, Table X.2) are 
then divided by these production rates to obtain an estimate of capital 
costs per program. Ta,bl^ X.4 shows the total production costs per 
program, that is, the sum of the capital plus recurrent costs; assuming 
a 7.5% discount rate, the cost per TV program is $568; the cost per 
radio program $24. 

Transmission Sygtems Costs 

From the technical point of v£iew, a principal source of interest 
in the KEDI E/M pro^dct is that it will be the first to use a tethered 
aerostat as the platforta for its television and radio transmitters. 
An aerostat is a dirigible- shaped light er-than-alr craft lifted by 
helium gas and the aerodynamic force of the wind. A steel tether, 
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TABLE X.2 
CAPITAL COSTS OF STUDIO FACILITIES 



A 

A« 


Construction and Installation 








Land 




$ 44,000 




Construction of Studios and Research Center 


1,528,000 




TOTAL 




$1,572,000 








Dlscotmt Rate 






0% 


7.5% ISZ 




Annualized construction cost 


$31,440 


$121,200 $236,000 




TV studios' shareb ^ 


16,800 


64,240 125,120 




Radio studios' share , 


1,920 


7,280 14,160 




Research center s share 


12,880 


49,680 96,800 


H 
Dm 


Studio Equipment Cost, Including Shipping 








TV Studio Equipment^ 




$1,200,000 




Radio Studio Equipment 




100,000 




TOTAL^ 


« 


91,300,000 








Discount Rate 






0% 


' 7 S2! 1ST 




e 

Annualized TV equipment cost 


$120,000 


$175,200 $239,200 




Annualized radio eqtilpment cost 


10,000 


14,560 19,920 


c. 


Total Costs, Construction Plus Equipment 












Annualized Cost 




Total Cost 


6% 


7.5Z 15% 




TV Studios $2,032,000 


$136,800 


$239,200 $364,000 




Radio Studios 194,400 


12,000 


21,600 34,400 



a 

This annuallzatlon assumes a SO-^ear lifetime for the facilities* 
See next page for remaining footnotes* 
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TABLE X.2 (continued) 



The share of total cost borne by the TV studio facility is assumed to 
equal 53%; that of radio studio facility 6%; and that of the research center 
4l%» These percentages were computed under the following assumptions: 
(i) studios constitute 48% of the total area of the facility, (ii) radio 
studios constitute 10% of the total studio area, and (iii) the cost of 
construction of studio facilities is half again as expensive as that of 
research facillities per unit area* 

c 

The principal items of TV studio equipment include six videotape 

recorders (2-inch) at $73,600 each; four studio camera chains at $40,000 

each; three telecine chains at $48,000 each; two lighting systems at 

$66,400 each; four TV control units at $76,000 each; and two radio control 

units at $17,600 each* 

^This total cost may go up if purchase is made of an additional 
$431,200 worth of equipment in 1976, as is now tentatively planned* Further, 
there is some indication that the KEDI equipment purchase was on exceptionally 
favorable terms; the winning bid was lower than expected and less than 75% 
of the alternative l^d* 

This annualization assumes a 10-year equipment lifetime* 
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TABLE X.3 

RECURRENT COSTS OF PROGRAM PRODUCTION^ 



A. Television 






Broadcasting program development 

editors, engineering and studio 
Scrlptwrltlng and actors 
Films 9 videotapes, sets 


(producers, 
personnel) 


$194 
165 
80 


TOTAL 




$439 


B. Radio 






Broadcasting program development^ 
editors, engineering and studio 
Scrlptwrltlng and actors 
Tapes and setting 


(producers , 
personnel) 


$10 
8 
_4 


TOTAL 




$22 



^The costs in this table are per program, TV program duration is 
20 minutes; radio program duration is 15. minutes. 

^KEDI has budgeted $570,000 to the E/M project for broadcasting . 
program development in the period 1972-78. Assuming that 14,600 radio 
programs are produced in this period, 2,205 TV programs are produced, 
and that broadcasting program development costs for television stand to 
those for radio as do the other recurrent costs (that is, 20:1), one 
obtains the numbers in the table. 
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TABLE X.4 
TOTAL PRODUCTION COSTS PER PROGRAM" 



Recurrent cost plus 
capital costs annualized at 

0% 7^5% 15% 

Television $513 $568 $635 

Radio 23 24 25 

^e costs In this table are per program. Television program 
duration Is 20 minutes; radio program duration Is 15 minutes. 



252 



-242- 



less than an inch in diameter, links the aerostat to the ground 
station; in Korea the aerostat will be tethered at an altitude of 
10,000 feet. The Korean installation, which is located in the 
village of Bong Yang, will have two aerostats — one for regular use, 
and one for immediate biackup in case of failure of the first. Each 
will carry two UHF TV transmitters and one FM radio transmitter. In 
addition to these broadcasting packages, carried for KEDI, the 
aerostats will carry telecommunications equipment. 

The KEDI complex In Seoul will beam the TV and radio signals to 
the operating aerostat at Bong Yang, 70 miles away, by a C-band (4-6 
GHz) microwave link; the aerostat will receive these signals, shift 
their frequency, and retransmit them. Wankel motors connected to a 
generator will supply the power to operate the on-board electronics 
package; the operations crew will lower the aerostat every several 
days to refuel the motor and to undertake regular maintenance. 
Standard UHF television sets will receive the signals with an estimated 
FCC Grade 'A' signal quality at distances up to 60 miles from Bong 
Yang; a Grade 'B' signal should be obtainable at distances cf 90 
miles. At some additional expense (about $480) one can add a higher 
gain an£enna and a low noise preampllfier/convertor to a standard 
UHF receiver. Increasing the coverage radius substantially. Present 
plans call for installation of four UflF relay stations to provide 
coverage beyond the reach of the aerostat, and transmission cost 
estimates here are based on that assumption. KEDI is examining the 
possibility of acquiring a second aerostat site as an alternative to 
the relay stations. 

As of September, 1975, the aerostats were installed at Bong Yang, 
and preliminary tests were under way to ascertain whether actual signal 
strengths would match predicted ones to various parts of Korea. 

Table X.5 presents the capital cost of the transmission system, 
including site preparation and construction. The costs in that table 
are based on an assignment of 47% of the aerostat system costs to 
KEDI's broadcasting facilities; this ±s the figure used for Korean 
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TABLE X.5 

CAPITAL COSTS OF TRANSMISSION SYSTEM 



A. 


Construction and Installation 








Aerostat . slte,° Including equipment Installation 


$280,800 




Relay station sites (4) 




65,600 




TOTAL 




$346,400 




0% 


Annualized 
7.5% 


At 

- 15% 




Annualized Construction Cost^ $11,520 


$29,360 


$65,900 


B. 


Equipment, Including Shipping 
Aerostat 




$2,632,000 




Relay stations (4), Including equipment Installation 


66.000 




TOTAL 




$2,698,000 




0% 


Annualized At 

7.5% 15% 




Annualized Equipment Cost^ $269,800 


$393,040 


$537,600 


C. 


Total Costs 








Total 0% 


Annualized At 

7.5% 15% 




Total Capital Cost $3,044,800 $281,600 


$422,400 


$590,400 



^KEDI allocates 47% of total aerostat costs to Its dwn activities; the 
number In the table are for this 47%. 



The construction costs are annualized assuming a 30-year site lifetime. 
See next page for remaining footnotes. 
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TABLE X.5 (continued) 

^An Export-import Bank loan of U.S. $5,600,000 financed the transmission 
site equipment, which was purchased from the TCOM Corporation, a subsidiary of 
Westlnghouse Electric. The $5,600,000 purchased two aerostats (at $864,000 
each), four UHF TV transmitters (at $296,000 each), two FM radio transmitters 
(at $162,400 each), two telemetry command systems (at $548,800 each), and 
miscellaneous equipment, services, and transportation totaling $1,263,200* 
A total of 47% of this $5,600,000 expenditure Is attributed to KEDI In 
Korean Government accounting (footnote a). Estimated costs for a second 
aerostat transmission site are 75% higher than were costs for the first one. 

^The equipment costs are annualized assimilng a 10-year equipment lifetime. 
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government accounting. While allocation of fixed costs among alterna- 
tive U8CA of an installation Is Inevitably somewhat arbitrary, this 
allocation seems reasonable enough. 

Table X.6 presents current estimates of the recurrent costs of the 
transmission facilities; these costs include operations, maintenance 
and spare parts, power, and helium^ for the aerostats. An earlier 
analysis (Lee, 1975) suggested that recurrent costs would be about 
40% higher than these estimates, which are based on the most recent 
KEDI planning figures. It is probably fair to say that, mtll 
KEDI has had several years of experience with the system, there will 
remain substantial uncertainty concerning the recurrent costs of 
the transmission facility. 

Table X. 7 presents estimates of the costs per channel per year, 
based on the cost information from Tables X.5 and X.6. To allocate 
costs among the one radio and two TV channels, we allocated KEDl's 
fraction of the aerostat facility costs in proportion to the transmitter 
costs per se (footnote c. Table X.5). As the TV transmitters cost 
$299,000 each and the radio transmitters cost $160,000, the fraction 
of total KEDI aerostat cost allocated to the radio transmitter is 22%, 
and the fraction allocated to each TV transmitter is 39%. Half the 
cost of each TV relay station was then added to each television- channel's 
fraction of aerostat costs to obtain total annual cost per television 
channel; at a 7.5% discount rate the cost is $232,800 per channel per 
year. At the same discount rate, the radio channel costs $124,800 
per year. 



Each aerostat uses about 190,000 cubic feet of helium, the 
current price for which in Korea is at present $.27 per cubic foot — 
substantially above the world market price. Thus the value of the 
helium in the two aerostats is about $103,000. The permeability of 
the aerostat membrane (which is extremely low). Inevitable small tears 
in the membrane, and occasional dumps of helium for flight control 
cause a steady loss of helium. Site engineers hope this loss can be 
kept to 200 cubic feet per aerostat per day which woiiLd result In a 
total cost to the installation of $40,000 per year. 
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I . TABLE X.6 



RECURRENT COSTS OF TRANSMISSION SYSTEM 



At aerostat site* $159,200/yr. 

At relay transmitter sites $8,800/yr. 

TOTAL $168,000/yr. 

\edI allocates 47% of total aerostat costs to its own 

activities; the number in the table is for this 47%. 



TABLE X.7 

TOTAL ANNUAL COSTS PER CHANNEL PER YEAR^ 



Recurrent cost plus 
capital costs annualized at 
0% 7,5% 15% 

A. UIIF Television $176,800/yr. $232,800/yr. $299,200/yr. 
(Channels 20 and 26) 

B. FM Radio $95,200/yr. $l24,800/yr. $160,000/yr. 
(104.9 MHz) 



The system will transmit two channels of UHF television and one channel 
of FM radio; the costs Indicated for television are per channel, and include 
the costs of the four off-the-alr relay stations for reaching areas in the 
south* The FM radio signal Is planned to reach far enough to cover the south 
from the Bong Yang aerostat site* 
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Assuming that the channels transmit for eight hours a day six 
days a week (or 2,500 hours per year) the cost per hour of transmission 
of UHF television Is $72 at a discount rate of zero; $93 at a 
discount rate of 7.5%; and $120 at a discount rate of 15%. The cost 
per hour of FM radio transmission Is $38 at a discount rate of zero; 
$50 at a discount rate of 7.5%; and $64 at a discount rate of 15%. 

Reception Site Costs 

There are two principal components to the reception site costs; 
the first Is the purchase, Installation, and maintenance of the TV 
and radio receivers and the second Is the purchase of printed materials. 
Table X.8 shows the television and radio costs; Table X.9 shows the 
printed material costs, based on presently planned levels of print usage 

Current plans call for three classes to share reception equipment; 
assuming an average class size of 60, reception equipment will be 
shared among 180 students. Table X.IO shows annual reception site costs 
per student per year under this assumption. At a discount rate of 
7.5% these costs total $3.20 per student per year;^ of this amount 
printed materials account for 65%, television accotjnts for 33%, and 
radio accounts for 2%. Even with the low costs per printed page that 
KEDI plans for, the high planned utilization of printed materials 
causes print to be a dominant factor In reception site costs. 

Total Cost Functions . 

j • i 
Based on the Information presented In the preceding section, we 

can prepare an annualized total cost function for both the television 

and the radio components of the E/M project, as well as one for the 

project as a whole. These cost functions are of the following form: 

TC(N, h) « F + Vj^ + Vj^h , 



This would be $.56 higher for middle school students; see 
footnote b to Table X.IO. 
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TABLE X.8 

RECEPTION SITE COSTS (TELEVISION AND RADIO) 



A. Capital Costs (per 3 classrooms) 

UHF color television receiver (1) $413 

Television receiver Installation 22 

Radio set (1) 25 

TOTAL $460 



Annualized At 
0% 7.5% 15% 

Annualized capital cost^ $92 $114 $137 



B. Recurrent Costs (per 3 classrooms) 

Television operating cost — power, spares, and malntejjance^ $82 

Radio operating cost~power, spares, and maintenance 5 

TOTAL $87 



C. Total Annualized Cost (per 3 classrooms) 

Recurrent cost plus 
capital cost annualized at 

0% 7>5% 15% 

For television $170/yr. $190/yr. $212/yr. 

For radio 10/yr > 11 /yr . 12/yr » 

TOTAL $180/yr. $201/yr. $224 /yr. 



^These annuallzatlons assume lifetimes of 5 years for the radio and 
television receivers. 

^KEDl's plans assume that the annual operating costs (power, spares, 
and maintenance) of television and radio receiving equipment will equal > 
20% of Initial cost. 
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TABLE X.9 
RECEPTION SITE COSTS (PRINT) 



A. Elementary School 

Teacher's Guide, Including tests 
(1600 pages per teacher per year 
@ $.0021 per page) 

Student Workbooks 

(1030 pages per student per year) 



$2.60 per teacher per year 



$2.00 per student per year 



B. Middle School 

Teachex's Guide, Including test s 
(1300 pages per teacher per year) 



$2.20 per teacher per year 



Student Workbooks 

(1200 pages per student per year) 



$2.60 per sttjdent per year 



C. Total Print Costs Per Student Per Year 
Elementary School 
Middle School 



$2.10 per sttjdent per year 
$2 . 60 per student per year 



^These costs assume a class size of 60 students. 
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TABLE X.IO 
ANNUAL RECEPTION SITE COSTS PER STUDENT^ 



Recurrent costs plus 
capital costs annualized at 





OZ 


7.5X 


15% 


Television only 


$0.94 


$1.06 


$1.18 


Radio only 


$0.06 


$0.06 


$0.06 


Television plus radio plus prlnt^ 


$3.08 


$3.26 


$3; 32 _ 



^These costs assume an average of 60 atpdents per class and that television 
and '■ radio receivers are shared ai&ong three classes. 

^These Include the print costs for elementary school students from Table X.9 
the cost for middle school students would be $.56 per student per year higher. 
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where TC - total system costs, per year, 

N the number of students reached, 
F B fixed system costs, 

V « variable cost per student, and 

N 

V, = variable cost per hour, 
h 

Table X.ll shows the values of the cost parameters— F , V^^ , 

and V —for the television, radio, and print components of the E/M 
h 

reform, each considered separately. 

For example, the cost function for only the television aspect of 
the reform, aosuming a 7.5% discount rate, can be seen from Table X.ll 
to be: 

TC(N,h) - $213,600 + 1.06N + 1797h . 

KEDI now plans to provide 70 hours of TV per year at each of eight 
grade levels, resulting In a value of h of 560; putting this value of 
h into the above eqtxation we obtain: 

TC(N) - 1,220,000 + 1.06*1 . 

If N - 1,000,000 the average cost is $2.27 per student per year or 
3.35 per student per hour. On the other hand, if N is 'only' 100,000 
the average cost is $13.32 per student per year or 19« per student 
per hour. Similarly one can examine properties of the cost functions 
for radio and print. 

It is also possible to construct a cost function for the reform 
as a whole. ^ Here we use the 'total' entry at the bottom of Table X.ll 
and consider separately the number of hours of television and radio 
prograamlng. Let h^ equal the number of hours of TV programming 
and hj^ equal the number of hours of radio programming . With a 
7.5JC discount rate we then have: 

TC(N, h^, hj^) - $305,000 + 3.20N + 1797h^ + U6h^ ! 



^This cost function will be only for the direct Instruction aspect 
of the reform; all teacher training costs are excluded* 



TABLE X.ll 
TOTAL COST FUNCTIONS 



Television 



Annualized At 



Radio 



Print 



N 



N 
VC,d 
h 



Total (Television + Radio + Print) 



F 

N 



0% 


7.5% 




15% 


$108,000 


$213,600 




$348,000 


.94 


1.06 




1.18 


1,609 


1,797 




2,026 


0% 


Annusx xz ca 
7.5% 




15% 


$32,800 


$64,000 




$104,000 


.06 


.06 




.06 




145.60 




1 ft^ on 

XDJ. zu 


0% 


Annualized 
7.5% 


At 


15% 


$13,600 


$27,200 




$44,800 


2.08 


2.08 




2.08 


0 


0 




0 


0% 


Annualized At 
7.5% 


15% 


$155,200 


$304,800 




$496,800 


3.08 


3.20 




3.32 



See nexC page for footnotes. 
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TABLE X,ll (continued) 



^The fixed costs , F » are from the annuallzatlons given In Table 
X.l. The fixed cost for print la 9% of the total and Is the entire 
'purchase of books and contingency' Item. The remaining 91% of the 
fixed costs are divided* somewhat arbitrarily, between radio and 
television in the following way: television, 70%; radio, 21%. The 
method for assignla^ costs to television and radio is the same as that 
described in footnote b of Table X.3. 

is the variable cost per student of television, radio, print, 
and the^ total of the three, respectively. In the case of print, the 
amount given is for elementary school students; for middle school 
students it is $.55 higher. 

is the variable cost per hour of programming broadcast; that 
is, it is the sum of the annualized cost of an hour of production (i.e. 
production of three television or four radio programs) and the cost of 
an hour of transmission time. 

^For print we have V, 0 , which is impossible; the number of 
different workbooks and teacher's guides that need to be prepared will 
probably be roughly proportional to the number of hours of programming, 
and certain costs of preparation would vary accordingly. We have no 
Information that would allow us to separate these costs from the fixed 
costs of print and from the costs that are variable with respect to 
number of students. 
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Ad before, we let * 560 . KEDI currently plans to broadcast 1,095 
hour£^ of radio per year to students in grades 1-9, so the cost func- 
tion becomes, in terms of N only: 

TC(N) « $1,469,000 + 3.20N. 

If N ~ 3 J>0,000 the average cost per student per year le $17.90; if 
N - 1,000,000 this cost drops to $4«70, This cost iricludes tele- 
vision, print, anc- radion In our previous example we computed the 
cost per student per year of television alone to b^ $2*30; television 
costs are thus about 49% of the total* 

3. CONCLUSION 

In concluding this chapter it is perhaps worth stressltig once 

again the preliminary status of the figures reported here. It is 

far too early in the E/M reform for the costs reported here to reflect 

actual experience; on the other hand, enough equipment has been 

purchased and installed for at least some of the figures reported 

here to reflect more than planning estimates. In part one we 

discussed problems of error in cost estimation in the planning and early 

phases of instructional technology projects, and noted an almost 

universal tendency for estimates to understate actual costs. Time 

alone will tell whether the planning estimates reported here will follow 

the general pattern. Our predictions are, however, the following: 

1. The construction and installation cost estimates for studio 
and transmission facilities will prove to be accurate or slightly low. 

2. The transmission equipment cost estimates will prove accurate; 
the operations and maintenance costs will prove to have been major 
underestimates. 

3. The studio equipment estimates of this chapter will prove 
low because additional equipment will be purchased* Studio operation 
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and maintenance costs will either prove to be quite low or substantially 
fewer programs will be produced annually than Is here assumed. 

4. The TV and radio receiver purchase. Installation, and 
maintenance cost estimates will prove to be slightly high. 

5. The cost of printed materials will be perhaps twice as high 
as Is estimated here. 



CHAPTER XI 
THE MEXICAN TELESECUNDARIA 



Mexico, along with many other developing nations, faces a bottle- 
neck at the Hecondary school level; there are not sufficlont places 
In Che present secondary school system to allow all those students 
who complete primary school to continue their education if they so 
desire. This problem is most acute in rural areas since few secondary 
schools are located in these regions, and consequently most rural 
youths who want to pursue their education must leave their homes and 
go to school in the cities. In recent years, the Mexican government 
has made political commitments to provide universal primary and 
secondary schooling, and in 1966 began experimenting with a system 
of instructional television called Telesecundaria, as a means of 
extending the secondary school system in rural areas. 

Below we will examine Telesecundaria, with a primary emphasis 
on system costs: Section I will give an overview of the system — its 
organization and technical characteristics, the extent of its utiliza- 
tion, and a summary of evidence on its effectiveness; Section 2 will 
analyze system costs; Section 3 will compare Telesecundaria 's costs 
with those of the traditional direct teaching system; Section 4 
will examine the costs of expansiioen alternatives for Telesecundaria; 
Section 5 will comment briefly on system financing; and Section 6 
will summarize and conclude. This case study is based almost 
entirely on previous work in which one of the authors participated, 
and has been reported on more fully in Klees (1975) and Mayo, McAnany, 
and Klees (1975). The interested reader is referred to these sources 
for more complete details of the analysis, especially with regard 
to system effectiveness. 

1. THE SYSTEM 

Organization and Technical Characteristics 

Telesecundaria began cautiously and on a small scale In September, 
1966, with closed circuit broadcasting to an experimental school in 
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Mexico City* Eighty-three 7th graders, divided into four classes, 
received televised Instruction in the standard subjects. The follow- 
ing year, open broadcastiriT began to 6,569 7th grade students in 
304 classrooms scattered throughout eight states. 

While retaining the identical curriculum and goals of the tradi- 
tional Mexican secondary school system, the Telesecundaria employs 
a mix of national and community resources. In place of large, 
federally financed school buildings, Telesecundaria classes customarily 
meet in space provided by the local communities. Such space consists 
of one, two, or three rooms donated by the municipal government, local 
cooperatives or other social service agencies-^ Occasionally, space 
is given by a local patron or by one of the students' families. In 
communities where interest in the Telesecundaria runs particularly 
high, parent organizations have been instrumental in raising money 
for the construction and maintenance of permanent facilities. 

Instead of fully accredited and specialized secondary school 
teachers, the Telesecundaria relies upon classroom coordinators to 
oversee all Instruction. The coordinators are drawn from the ranks 
of 5th and 6th grade primary school teachers and they are paid by 
the federal government. Unlike their counterparts in the traditional 
system who specialize in one subject, Telesecundaria coordinators 
are assigned to one class of students whom they must instruct in the 
whole range of 7th, 8th or 9th grade subjects. The coordinators are 
supplied with a monthly outline and schedule of the topics to be 
covered in each telelesson. Workbooks to assist students in the 
daily utilization of teleclasses have been specially designed and 
are distributed at low cost through commercial bookstores. 

The television teachers and producers who are t:esponsible for 
the development and presentation of the broadcast lessons are 
recruited from the traditional school system on the basis of their 
subject specialties, pedagogical skills, and, in the case of the 
television teachers, their pol»- cs»2ara. Television teachers 
are hired on an hourly basis ^aa^ ^ivea special training in elocution, 
the techniques of television teaching, scriptwriting, and the use 
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of audiovisual aids. Approximately thirty television teachers were 
utilized in 1972. Producers are given extensive technical train- 
ing in audiovisual instruction as well as studio management. Their 
selection and training reflects a basic Telesecundaria policy that 
it is better to train academic specialists to be television producers 
than to expect experienced producers to become academic specialists. 

Television carries the primary instructional burden of the 
system. In a typical week, students receive about 30 televised 
lessons divided among the various subjects and vocational activities. 
Teleclasses average 20 minutes in length with the remaining 40 
minutes of each class divided between preparation and follow-up 
activities supervised by the classroom coordinators. Teleclasses 
are broadcast between 7:45 a.m. and 2:00 p.m., Monday through Friday, 
and for one hour on Saturday morning with the rest of that morning 
being reserved for broadcasts to the classroom coordinators. To 
accommodate a very tight broadcast schedule, transmissions to the 
three secondary grades are staggered so that a 20-minute lesson to 
the 7th grade is followed immediately by one to the 8th grade, and 
finally by one to the 9th grade. 

The system was initiated and run, until very recently, under 
the auspices of the Audio Visual Department of the Mexican Secretariat 
of Public Education (SEP). Production activities of the Telesecundaria 
are centered in four studios maintained by SEP in Mexico City. Two 
strong incentives for using studio time efficiently are the fact 
that a large number of subjects are broadcast and that they are 
almost all televised live. Each teleteacher has only one hour in 
the studio to rehearse and deliver a 20-mlnute lesson. 

All Telesecundaria lessons are transmitted over XH6C-TV, 
Channel 5 in Mexico City, or over XHAJ -TV, Channel 6, a repeater 
station in Las Lajas, Veracruz. Mexican law requires commercial 
broadcasters to donate 12.5% of their broadcast time for 
government use, although this rule has rarely been enforced. 
Channel 5 has far exceeded this requirement, donating over 40% 
of its broadcast day to Telesecundaria. The growth of the 
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Telesecundaria system, however, haB been limited by the fact that it 
must rely solely on that channel. Coverage has been confined to 
those areas able to receive Channel 5*s signal: the Federal District, 
and the statos of Mexico, Hidalgo, Itorelos, Oaxaca, Puebla, Tlaxcala, 
and Veracruz. A project was initiated in 1969 to send taped lessons 
by plane to the northern state of Soriora, but this effort was dis- 
continued because of administrative and scheduling difficulties. 

Utilization 

Table XI. 1 reports student enrollment in Telesectmdaria from 
its inception through the 1971-1972 school year. Expansion proceeded 
by adding one grade to the system each year, and by 1970 Tele- 
secundaria was serving about 5% of the total secondary school enroll- 
ment in its eight state region, or approximately 3% of the entire 
Mexican secondary school population. There have been more requests 
by communities to establish Telesecundaria facilities than the Audio 
Visual Department has been able to handle, due primarily to limita- 
tions in the funds available from SEP to hire classroom teachers. 

Since the television lessons are broadcast over an open circuit 
commercial network, there is the possibility of utilizing the system 
to provide secondary schooling on an informal basis to adult members 
of the populace. Some efforts were made towards this end early in 
Telesecundaria* s history, but the substantial administrative 
apparatus needed to monitor such an activity discouraged its 
continuation. At the present time any such informal work is not 
monitored or credited, and its extent is unknown. 

As mentioned previously, the production level of the 
Telesecxmdaria system is high, as television is used to transmit a 
large amount of the formal Instruction. Each year a typical 
student receives approximately 1,080 20-minute programs, that is, 
about 360 hours of televised instruction. 
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TABLE XI. 1 
STUDENT ENROLLMENT IN TELESECUNDARIA 





1967-68 


1968-69 


1969-70 


1970-71 


1971-72 


7th grade 


6,569 


10*916 


. 12,175 


14,499 


f 12, 432 


8th grade 




5,324 


8,240 


9,459 


~~9,194 


9th grade 






5,473 


6,99r 


7,350 


Totals 


6,569 


16,240 


25,888 


30,955 


28,9^6 
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Effectlveness 

As reported in both Klees (1975) and Mayo, McAnany, and Klees 
(1975), pretests and posttests In Spanish, mathematics, and 
chemistry were administered to a large random sample of 9th 
grade students In the Telesecundarla and traditional systems over 
a semester period In 1972. Both groups scored at almost the same 
levels on the pretests, and the gains for the Telesecundarla group 
were somewhat larger than those for the direct teaching group (the 
difference in gain scores was statistically significant at the .01 
level) in all three subjects. However, since student, teacher, and 
general system characteristics differ substantially between 
Telesecundarla and the traditional system, in addition to the tele- 
vision, nontelevislon difference, a simple comparison of means is 
not an adequate comparison of relative effectiveness. Klees (1975, 
Chapter V) compares the two systems through regression analysis, 
controlling for a large number of variables including community 
characteVlstics, student background, attitudes, and aspirations, 
teacher education, experience, and classroom behavior, and class 
size, and still finds that television contributes significantly to 
student learning. This finding holds true for both low ability and 
high ability students, although the effect is somewhat stronger for 
middle level students. 

The results above were especially Interesting in the light of 
the many casual judgments that had been made as to the low quality 
of Telesecundarla *s instructional program. Because the broadcasts 
are open circuit , anyone may tune in and form an impression of 
program quality; the simple 'talking head' nature of the presenta- 
tions had caused many doubts as to the adequacy of such an instruc- 
tional technique. Further problems were caused by the inclusion of 
the Telesecundarla system within the Audio Visual Department of 
SEP, which is administratively separate from that division which is 
responsible for the traditional secondary school system administra- 
tion. This sei ration caused some rivalries and probably contributed 
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to the lack of expansion of Telesecundarla In recent years. Quite 
recently, after the above studies were completed, the administra- 
tion of the Telesecundaria system was transferred to the regular 
secondary school division within SEP and serious consideration is 
being given to alternative expansion possibilities. 

Looking at system effectiveness at a more macroscopic level, 
both Klees and Mayo, McAnany and Klees report on the relative 
potential of the two systems to enroll and graduate students, and 
thus to satisfy an increasing social demand for secondary schooling. 
Both systems were found to have identical dropout, repetition, 
promotion, and graduation rates. Given the relatively lower costs 
of the Telesecundaria that will be discussed in Section III, it 
follows that Telesecundaria could enroll and graduate almost 60% 
more students than the traditional system, given equal budgets. 

Unfortunately, no information reflecting relative system long- 
run benefits exists. Mayo, McAnany, and Klees attempted to do a 
follow up survey of system graduates, but administrative problems 
and resource constraints made this task too difficult to complete. 
The Telesecundaria graduate receives a regular secondary school 
diploma; however, the diploma does state whether it was awarded by 
a teleschool or a traditional one. Whether the Telesecundaria 
diploma will have the same marketability as that of the traditional 
system is still an open question. 

Finally, one important point relevant to long-run benefits, 
that does not reflect on the effectiveness cf Telesecundaria, 
vis-a-vis other alternative instructional techniques, centers on 
the problem of rural education and rural development. From responses 
to questions on their attitudes and aspirations, it is evident that 
mmy rural youths look on secondary schooling as a means to leave 
the rural areas for the city, to compete in the urban employment 
market. Most urban areas of Mexico, especially the capital city, 
are already overcrowded and unemployment is a serious proMem. 
Unfortunately, it seems likely that the urban migration of these 
youths will often be met by a lack of sufficient employment: opportunitie 
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2. SYSTEM COSTS 

Year by Year Costs 

Estimates of the historical and projected costs of the Tele- 
secundaria system are given in Table XT. 2 on a year hy year basis, 
for the twenty years following project inception. The costs presented 
are total costs to Mexico as a whole, including costs incurred by 
local communities, students and their families, and other groups 
within the private sector, as well as direct governmental outlays. 
The projected costs are based on the assumption that student enroll- 
ment grows at a rane of 5% annually and continues to function only 
within the present eight state region which is reached by the signal 
of Channel 5. The detailed assumptions on which the cost estimates 
are based are found in the footnote to the table. 

Annualized Cost Functions 

Based on the information presented in the previous subsection, 
we can derive an approximate annualized cost function for the instruc- 
tional television component of Telesecundaria, of the following form: 

TC(N, h) « ? + N + h , 

where TC « total system costs, 

N » the niomber of students enrolled in the system, 

h « the number of hours of programming broadcast, 

F « fixed systeisi costs, 

V « variable cost per student, 
N 

and V, « variable cost per hour, 
n 

A long-run point of view is taken below in that it is assumed 
that there are no fixed system costs (that is, F « 0)~all costs vary 
directly with the number of hours broadcast or the number of students 
in the system. For short run, marginal, expansion alternatives, 
such may not be the case; that is, for example, there may be sufficient 
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excess capacity to expand production without building a new studio, 
or having new teleteachers. However, for the long run, and in 
terms of planning information for initiating a similar project, 
the assumption that all costs are variable is reasonable. Below 
we will examine the cost functions for each HV system cotstponent — 
production, transmission, and reception — at alternative social rates 
of discount of 0%, 7.5%, and 15%. All calculations are based on 
the Information presented in Table XE.2 and its footnote,, 

Production costs are all assumed to vary dix'ectly vrith the 
number of hours the system broadcasts, which in 1972 was approxi- 
mately 1,080. Treating the studios and studio equipment as capital 
costs to be annualized over their respective lifetimes and the costs 
of personnel, equipment maintenance, and videotapes as recurrent 
costs, we arrive at a total cost of production equal to $472 per 
hour assuming the future is not discounted, $490 per hour with a 
7.5% rate of discount, and $513 at a 15% interest rate. 

Transmission costs are also assumed to vary .directly with the 
number of hours of programming broadcast. Actually, transmission 
costs should vary with the social rate of discount chosen; ho;v£ver, 
in this instance we are basing our calculation on the Imputed oper- 
ating costs of Channel 5 and do not have sufficient Information to 
break down costs into capital and recurrent. We therefore use the 
$52^000 annual operating cost figure, which yields a cost per 
broadcast hour of $48* 

Reception costs are essmed to vary directly with the number of 
students In the system. In actuality this should only be true of 
reception equipment and maintenance, while operational costs should 
vary directly with the number of hours of receiver operation (which 
is usually proportional to hfn^urs broadcast). Again, unfortunately, 
we do not have sufficient J': <!etalled Information to accomplish this 
breakdown and therefore all reception costs are assumed variable 
with N . Treating the televi/?; n receiver as a capital expenditure 
whose cost is annualized over .^^ ^-year lifetime, and maintenance 
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and operational costs as recurrent costs, we obtain, assuming an 
average class size of 23 students, the total costs of reception to 
be $3.65 per student when the future Is not discounted, $4.23 per 
student at a 7.5% discount rate, and $4.85 at a 15% rate. 

Below we may summarize the total cost function and the average 
cost Information for the year 1972 as follows: 







Total Cost Equation 


AC^ 


" N 


Cost per 
Student Hour 


r =" 


0% 


TC - 3.65 N + 520 h 


23.02 


6.31 


.064 


r =■ 


7.5% 


TC = 4.23 N + 538 h 


24.27 


5.74 


.067 


r =» 


15% 


TC - 4.85 N + 561 h 


25.74 


5.31 


.072 



The cost Information above assumes an enrollment of 29,000 
students and that each student views approximately 360 hours of 
instructional television lessons during the year (based on 1,080 
hours distributed among three grades) . It should be noted that not 
discounting the future may cause one to tjnderstate system cost by 
almost 12% ($23.02 vs. $25.74). The relatively low value of the ratio 
of average cost per student (AC^^) to variable cost per student (V^^) 
indicates that some economies of scale have already been achieved, 
although costs per student could be still lower if enrollments 
expand. 

AC^ 

As discussed in Chapter II, we can utilize the information 
presented in the year by year cost table above to derive summary 
measures of the average costs per student of the project, which takes 
into account changing utilization over time. Specifically, we can 
compute AC^j , that is, the average cost per student from year 1 
to year j where: 
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J k-i 
2 Cj^/(1 + r)^ 

k»l 

J k-i 
2 Nj^/(l + r)^ 

kpi 



The. formula above provided a measure of average costs that discounts 
the future for both costs and atudent utilization. This provides a 
more interesting and cseful measure than the average cost figure 
derived in the previous section since the latter only takes into 
account utilization at one point in time. The AC^^ measiare also 
allows the projriit planner to determine the length of tdLme the project 
needs to continue to permit unit costs to fall to a reasonable level. 
It also permits one to look at project costs from different points 
in time over the life of the project. 

Table XI. 3, XI. 4, and XI. 5 present the AC^^'s for selected 
years of the instructional television component of Telesecundaria 
at social rates of discount of 0%, 7.5%, and 15% respectively. 
They serve to illustrate several points. First, costs decrease quite 
rapidly as we project the continuance of Telesecundaria for more than 
a few years. For example, if Telesecundaria were to be discontinued 
next year, the average cost per student over the lifetime of the 
project (ACj^ggg ^^gyg) would be only $30 (at a 7.5% interest rate). 
Assuming a 20-year lifetime, the average cost (AC^ggg^ 1986^ would 
be considerably less, $23. 

Second, we see that in general, the project cost picture changes 
as we examine it from different points in time and with different 
Assumptions as to its duration. As we assume a longer project life- 
ti^ie, .ivp>:^,age costs usually decline, due primarily to enrollment 
iticr/j^Mfng i:>.ater than total costs (as is true in most instructional 
V^:v;r^^iiuog;F pr<^1fect:s) . We also see that , in general, the fyrthe^^ 
intc ^^he prcject we are, the less expensive it is to continue, due 
primarily to many initial project development expenses becoming sunk 
costs, ^nd due also "0 enrollment expansion. 
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TABLE XI. 3 

AVERAGE COSTS OF THE ITJ COMPONENTS OF TELE SECUNDARIA FROM 
YEAR 1 to YEAR j (INTEREST RATE = 0%) 



To Year j 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 



From Year 1 



1966 


185 55 


35 


30 


27 


25 


24 


22 


21 


20 


1969 


33 


25 


24 


23 


21 


21 


20 


19 


18 


1971 




20 


20 


20 


20 


19 


18 


18 


17 


1972 




18 


20 


20 


19 


19 


18 


17 


17 


1973 






21 


21 


20 


19 


18 


17 


17 


1974 






21 


20 


19 


19 


18 


17 


16 


1975 








20 


19 - 


19 


17 


17 


16 


1976 








20 ■ 


19 


19 


17 


17 


16 


1977 










18 


18 


17 


16 


16 


1978 










18 


18 


16 


16 


15 


i9ao 












17 


15 


15 


15 


1984 
















15 


14 



230 



TABLE XI. 4 

AVERAGE COSTS OF THE ITV COMPONENTS OF TELESECUNDARIA FROM 
YEAR i to YEAR j (INTEREST RATE » 7.5%) 



To Year j 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 



From Year 1 



1966 


198 59 


39 


33 


30 


28 


27 


25 


24 


23 


1969 


33 


26 


24 


23 


22 


22 


21 


20 


19 


1971 




20 


20 


20 


20 


20 


• 19 


18 


18 


1972 




18 


20 


20 


20 


19 


18 


18 


17 


1973 






21 


21 


20 


19 


18 


18 


17 


1974 






21 


21 


20 


19 


18 


18 


17 


1975 








20 


19 


19 


18 


17 


17 


1976 








20 


19 


19 


17 


17 


16 


1977 










18 


18 


17 


16 


16 


197 H 










18 


18 


17 


16 


16 


im 












17 


15 


15 


15 


















15 


14 
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TABLE XI. 5 

AVERAGE COSTS OF THE ITV C,'<?Ot.r.rrS OF TELE SECUNDARIA FROM 
YEAR i to YEaK j (INTEREST RATE - 15%) 



To Year j 

1962 1970 1972 1974 1976 1978 1980 1982 1984 1986 

From Year i 



1966 


210 64 


43 


37 


• 34 


32 


30 


29 


28 


28 


1969 


33 


26 


25 


24 


23 


23 


22 


21 


21 


1971 




20 


20 


20 


20 


20 


19 


19 


19 


1972 




18 


20 


20 


20 


19 


19 


18 


18 


1973 






21 


21 


20 


20 


19 


18 


18 


1974 






21 


21 


20 


19 


19 


18 


18 


1975 








20 


19 


19 


18 


18 


17 


1976 








20 


19 


19 


18 


17 


17 


1977 










18 


18 


17 


16 


16 


1978 










18 


18 


17 


16 


16 


1980 












17 


15 


15 


15 


.1984 
















15 


14 
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Finally, we obseirve that the choice of a discotmt rate is quite 
important; as the opportunity costs of resources become greater, 
so do the real costs of the project. Neglecting the discount rate 
(that is, choosing a zero discount rate), as many cost studies 
unfortunately do, serves to understate project cost substantially, 
even more so than the average cost figure derived in the previous 
section for 1972, since utilization was not discounted in this 
latter figure. For example, if we look at the average cost per 
student from 1966 to 1986 (that is, assuming a 20-year lifetime for 
Telesecundaria) , not talcing the value of resources over time into 
account (that Is, using a zero discount rate) can result in under- 
stating costs by almost 30% if the appropriate rate is 15% (that 
is, $20 per student vs. $28 per student). 

Discussion 

Given the relatively low utilization of Telesecundaria, it is 
a ^surprisingly inexpensive system. As can be seen by a close look 
az Chapter III, Telesecundaria is less costly than many 
of the other ITV systems. It is perhaps closest In form to 
that in El Salvador (the * secondary school only* alternative), whose 
average cost per student was similar for 1972, even though the 
El Salvador system was serving 65% more students than Telesecundaria; 
further, costs per student hour were considerably lower for 
Telesecundaria, $.067 versus $.143 (at a 7.5% interest rate) for 
El Salvador. The cost comparison between the two syrtems would 
favor Telesecundaria even more if, similar to the El Salvador 
system, it were operating In urban areas with an average class size 
of 45, as opposed to functioning in rural areas with an average 
class size of only 23 students. (The AC^^'s for Telesecundaria 
are higher than those for El Salvador, due to the substantially 
higher utilization projected for the latter system — see CJiapter VIII.) 

One of the primary reasons for the low overall cost of Tele- 
secundaria is its low production cost. As we have seen in an earlier 
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subsection, even utilizing a 15% discount rate, production costs 
per hour of programming are only $513. Schramm (1973) reports 
typical production cost estimates for similar ITV projects In other 
countries range from $1,200 to $2,000 per hour, and Indicates that Mexico's 
Telesecundarla Is one of the least expensive systems of Its kind In the 
world. Of course, variations In production costs are not necessarily Indica- 
tions of relative efficiency, and more probably reflect differences 
in program quality and perhaps therefore Instructional effectiveness 
(although this latter linkage Is far from clear, see Schramm, 1972, 
and Chu and Schramm, 1967, for summaries of the existing evidence). 
Telesecxindarla has been often criticized for inferior program quality 
and perhaps rightly so; given its live presentation format and 
tight production schedule, little opportxinity exists for program 
Improvement. It seems possible that program quality could be Improved 
at little or no cost through greater use of available videotaping 
facilities and a proposal for such use is presented in Klees (1975, 
Appendix B). 

3. COST COMPARISON ^^TH THE TT.AHITIONAL SYSTEM 

Telesecundarla is one of the most interesting ITV systems in 
operation in the world today since it appears to be one of the few 
that has been shown to be cost-effective vis-a-vis the traditional 
direct teaching system. We have already seen in Section 1 that 
Telesecundarla appears co be at least as effective as tha traditional 
direct teaching system; below we compare Telesectmdaria costs with 
those that would be necessary for the traditional system to extend 
its operation to the areas in which the Telesecundarla is presently 
operating. Actual costs of Mexico's direct teaching system are 
not discussed in this section (the Interested reader is referred 
to Klees, 1975, and Mayo, McAnany, and Klees, 1975, for this Infor- 
mation) since they do not form a relevant basis of comparison; 
presently the traditional system operates mainly in urban areas with 
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class sizes t:wlce those of Telesecmdaria, better and more expensive 
classroom facilities, and substantially higher administrative overhead. 

Table XI .6 presents the costs, on a per student basis, of the 
total Telesecundarla system, Including traditional components and 
ITV components, along with the costs per student necessary for the 
traditional system to accomplish the same task. We observe that to 
use the traditional direct teaching system to bring secondary 
schooling to rural areas would be much more expensive than using 
Telesecundarla; costs would be over 65% higher — $248 per student for 
the traditional system versus $149 per student for Telesecundarla. 
Costs per student for Telesecundarla could even be lower, thiia 
Increasing Its relative cost advantage. If more than 29,000 students 
were In the system, since fixed (with respect to students) costs of 
ITV production and transmission would be spread over a larger enroll- 
ment. For example, with 500,000 students using Telesecundarla, the 
cost per student would be about $130 (for a more detailed look at 
expansion alternatives and costs, see Section 4). 

As Is apparent from Table XI. 6, the chief reason that Telesecundarla 
has a significant cost advantage over the direct teaching system Is 
due to Its use of lower salary teachers (in addition, Telesecundarla 
uses lower cost textbooks). Indeed, this Is the ralson d'etre 
for Telesecundarla. The salary of secondary school teachers was 
almost (at the time of the stndy two and half times that of the primary 
school teachers hired for Telesecundarla classrooms. This cost dif- 
ferential more than offsets the additional costs of the ITV 
component of Telesecundarla. 

It is not clear how long such a large cost difference will exist 
between the salaries of primary and secondary school teachers. In 
most developed countries there is no longer a difference in salaries 
between the two, which probably reflects the equal amounts of 
education required for both these teacher groups. However, in most 
developing countries, a substantial discrepancy in both salary and 
training is quite common, although the gap may be narrowing somewhkt. 
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TABLE XI. 6 

ANNUAL COST PER STUDENT OE TELE SECUNDARIA VERSUS DIRECT TEACHING^ 



Dlreot Teaohlng Taleseoundarla 



TrxUtlonal Coaponenta^ 



Adalnlatratlon $ 6 $ 6 



ClasarooB teachers^ 20^ 88 

Eaollltles - fully equipped 

claasrooB 11 XI 

Student cost» - bor^kSj, 

tmlfonuB, etc/^ 28 20 

Sub-total $ 248 $ 125 

ITV CoBPonent^ 

ftx>duo 1 1 on $ 0 $ l8 

Transnlaslon 0 2 

Recaption 0 4 

Sub-total $ 0 $ 24 

Total . $ 248 $ . 149 



a. 



More detailed Information concemlng the bMls of these cost caloula- 
tiona Bay be found In Klaes (1975; Table III.l, Table III. 5, and Appendix A) 
and In Mayo, MaAnany, and Klees (1975; Table II.3i Table and Appendix 

B). 

AdBlnlstratlve and olassrooB facility costs for both systems are equal 
to those given for the Telasecundarla systeB In the two sources ab0Te« 

c 

As r-^ In the above nourcw, traditional systSB secondary soheol 
teaoherfc ^ ^ '^ ^,680 per year lAiile Telesecundaria teachers are draim from 
the ranks ^ jxaary school teachers and earn only $2,016 per year. Cost 
per student estimates assume an average cleuss size of 23. 

See next page for remaining footnotes. 
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Table XI. 6 (continued) 



Students and their families pay the ooets of books, supplies, and 
unlfonast Ihilforms cost $4 per student Ixi either system. Books for the 
Teleseoundaria system are $8 less per student than those used for the 
traditional system; the latter usee general textbooks, idiile the former 
uses books especially prepared for and keyed to the instructional tele- 
vision lessons. 

® These costs are taken from Section 2, assuming 29#000 students In 
the system as in 1972 and a 7.55< social »te of discount. 
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It Is quite interesting f j note that subsequent to the collection of 
the above data in 19729 the Telesecundaria teachers went on strike, 
partly as a consequence of seeing that the research showed Tele- 
secundaria to be cost-effective when compared with the traditional 
system, and won a salary Increase. Nonetheless, secondary school 
teacher salaries have also increased, and the degree to which there 
are possibilities for a lower cost technology based instructional 
system will depend on the absolute (not relative) difference between 
the salaries of these two teacher groups; it appears likely that such 
a substantial salary gap will exist in most developing countries, 
including Mexico, for some time into the future. 

It should be noted that there may be political problems 
associated with the type of capital-labor substitution which 
Telesecundaria engages In; in particular, there may be strong resist- 
ance from secondary school teacher associations or unions to the use 
of other, lower-paid teachers in secondary schools. In Mexico this 
was not a significant obstacle » 4ue to a shortage of secondary school 
teachers available and willist^ XHjrk in rural communities; in 
fact, the circumstances were v i^pre fortunate as there was also 
a surplus of qualified primary liiool teachers. Although this 
combination may not be copssion to most countries, there is often a 
problem in developing countries? in attracting sufficient teachers to 
rural areas. Thus, it is p'-^Sj^ibie that many countries could take 
advantage of a substituti^rx such as that utilized by Telesecundaria, 
to increase educational opportunities in rural areas, without a 
great deal of resistance. The political problems would, of course, 
become much more serious if the intention were to utilize such a 
system in urban areas, where existing secondary school teachers* 
positions would be threatened. 

4. EXPANSION ALTERNATIVES 

Telesecundaria *s future is still in question; there have been 
discussions in recent years as to possible ways in which the system 
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TABLE XI. 7 

ANNUAL COST PEK STUDENT OF TELE SECUNDARIA VERSUS DIRECT 
TEACHING OPERATEIG IN AN URBAN ENVIRONMENT* 



TradltlCTial ComponentB 

Adninlstratlon 

ClassrooB teachers^ 

Flaollltles - fully equipped 
claosroom 

Student costs - books, 
unlfoms, etc. 

Subtotal 



Direct Teaching 
$ 50 

26 
28 



$ 200 



Teleseoundarla 

$ 50 
40 

28 

20 



ITV Components 
Production 
TransBlsslon 
Reception 



Subtotal 



$ 



$ 



0 
0 
0 



1 

0 

4 



Total 



$ 200 



$ 143 



More detailed Information conoemlng the basis of these cost oaleula- 
tlcns way be found in Klees (1975* Appendices A and B). 

^AdfldnistratlTe costs and classroom facility costs are hl^er than 
those assumed in Table XI.6 idilch reflected Telesecundaria^s historical 
GJcperlenoe; the costs figures utilized above are the actual historical 
costs of the traditional direct teaching system in Mexico, idiich has a 
much hifijier administrative overhead and ^ii^ploys much more expcaislve 
classroom facilities than does the rural^based Telesecmdarla system. 

Classroom teachers for both systems are less expensive per iBtudent 
than was the case in Table XL. 6, since in urban areas the averag^ class 
size is 30 students. 



See next page for remaining footnote. 
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TABLE XI. 7 (continued) 



•^These eoata are taken from Section 2, assuming a 7-5^ social rate, 
and an enrollment of 580,000 students, whioh was that of the traditional 
system in the eight atate region in 1972. Transmiaaion ooata par atudant 
are virtually zero with auoh a high utilization. 
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The difference in classroom teacher costs Is a result of an average 
class size of 50 In urban areas, as opposed to 23 In rural areas. 
The lower costs of production and transmission are a result of 
assuming a much larger system enrollment of 580,000 students, 
equal to that in 1972 for the total direct teaching system within " 
the eight state region that receives the signal of Channel 5. In 
sum, if Telesecundaria were to expand into urban areas and replace 
the traditional system thex >., costs would be almost 30% lower than 
they are presently for the direct teaching system; this would yield 
a savings of $33.1 million per year. Of course, the social welfare 
and political problems po3e4 by atten&pting to displace current 
secondary school teachers ar^: large; nonetheless the magnitude of 
the potential benefits ^^^ould serve to indicate the possible advantages 
of such a system to otht^r countries without an existing well developed 
urban secondary school system. 

If Telesecundaria ceveXage were to be expanded nationwide, a 
different broadcast t^ransmission system would have to be utilized* 
Mayo, McAnany, and Klees (1975) estimate that it would be possible 
to lease broadcast time from the only network with nationwide coverage, 
Channel 2, at a rate of $1,944 hour, which would represent an 
anni^al cost of $2,100,000. Despite this substantial cost increment, 
with 1,000,000 students in the system (which was the enrollment of 
the traditional secondary school system in Mexico in 1972), the 
average annual cost per student of Telesecundaria in urban areas 
would rise to only $145 per student; such a nationwide substitution 
of Telesecundaria for the traditional system would yield a total 
savings of $55 million annually. 

Again, an expansion of Telesecundaria that fosters direct 
competition with the traditional system will probably engender hard 
political opposition, and thus any expansion may necessarily be 
confined to extension of the secondary school system to rural areas. 
Nevertheless, it must be recognized that despite potential political 
and social problems, a replacement of the traditional system by 
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Telesecundaria is not a patently absurd alternative, especially If 
done over an extended p^^rlod of time so as not to threaten the 
positions of existing secondary school teachers. It should be 
remembered and emphasized that an educational system faces a 
limited budget; the millions of dollars that could be saved 
through utilization of Telesecundaria could potentially be used 
to offer increased educational opportunities elsewhere, for example, 
for a massive expansion of educational opportunities for rural youth. 

5. SYSTEM FINANCING 

When examining the costs of the system it is important not only 
to analyze the total costs of the system but also to look at who 
is paying these costs. Since most educational systems involve 
substantial governmental expenditures, an analysis of governmental 
tax Incidence (that is, who pays the taxes, usually framed in terms of 
a comparison of the tax burden on families at different income 
levels) should be an Integral part of such a financial analysis. 
Unfortunately, such a study of tax Incidence has significant theoreti- 
cal and practical difficulties and is beyond the scope of this report; 
nonetheless there is some easily available Information on financing 
that is quite interesting from an equity point of view. 

Table XI. 8 indicates the costs, on a per student basis, by fund- 
ing source, that have been operative for Telesecundaria and the 
traditional secondary school system. The local community pays a 
significantly higher percentage of schooling cosjts with the Tele- 
secundaria system than with the direct teaching system~24% versus 
16% — due to the former's reliance on the community to provide class- 
room facilities, reception equipment, and maintenance of both. 
Although the difference In terms of absolute amount is not especially 
large, there is indeed a question of fairness to be raised. Why 
must Telesecundaria students, who come from rural families with low 
Incomes, be forced to spend more, both in absolute and relative terms, 
for their education than students In the traditional system who come 
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TABLE XI .8 

SOURCES OF FUNDING FOR TELE SECUNDARIA VERSUS- DIRECT TEACHING 



Direct Teaching T alesecundarla 

Cost/Student/Year % Cost/Student/Year % 

Source of Funding 

Govertunent $ 168 81 $ 112 75 

Locality-student, 

families* and parents* 

organizations 32 18 35 24 

Private Industry - 

Channel 5 --21 



$ 200 



80 



$ 149 



100 



These costs reflect the historical costs of operating the traditional 
direct teaching system (see Mayo, McAnany, and Klees, 1975, for details). 
Students and their families pay $28 for books and uniforms, plus a $4 
annual fee that the Secretariat of Public Education collects and puts 
towards system operation costs. 

*^For Telesecundarla, Channel 5 contributes the transmission facilities, 
while students and their families are required to pay the costs of books 
and uniforms, $20 per student per year, the cost of constructing and main- 
taining classroom facilities, $11 per student per year, and the costs of 
reception equipment and maintenance, $4 per student per year. The $4 
annual fee is waived by SEP for Telesecundarla students. 
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from wealthier families? It would seem much more equitable, given 
the relatively lower cost of the Telesecundaria system, for the 
government at least to fund classroom facilities and equipment, 
as it does in the traditional system, especially if Mexico is 
serious about its stated commitment to rural education. Indeed, 
the lack of expansion to rural communities that have asked for 
teleschools to be established in their locale, due to the govern- 
ment's not allocating funds to pay for a classroom teacher (which 
would be the only major additional cost of the system to them, as 
presently financed) , raises serious doubts as to the extent of 
their real commitment to rural education. 



6. CONCLUSIONS 

Telesecundaria emerges as one of the more fascinating experiments 
with instructional technology in that it is one of the few such 
projects that have been designed in such a way as to be cost-effective. 
It is interesting, and perhaps significant, to note that Telesecundaria, 
unlike other similar projects, waq Initiated entirely by the country 
utilizing it, without outside financing or technical assistance. 
It is possible that the particular manner in which educational aid 
is usually given to developing countries for such projects may 
militate against a cost-effective design (see Chapter VI for related 
discussions) . 

There are, of course, qualifications on the research results 
reported here and perhaps more extensive research needs to be engaged 
in to truly prove the relative cost-effecti-^reness of Telesecundaria. 
For example, the subject matter tests given to students in hoth 
systems, although based directly on the curriculum content, did not 
show large gains for either group. Although the judgment as to what 
constitutes a large gain in cognitive knowledge is a subjective one, 
both Klees (1975) and Mayo, McAnany, and Klees (1975) caution that 
the test results should be interpreted as saying only that the two 
systems seem to be doing similarly—not that either system is doing. 
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a good instructional job. Nonetheless, given the information available 
(it must be remembered that adequate research is costly and engaging 
in additional research on this question may not be cost-beneficial) , 
Telesecundaria le a signficantly more cost-effective secondary school 
system than the traditional one, and alternative expansion possi- 
bilities should be given serious consideration. 

Nevertheless, we must again point out that what is cost-effective 
may not be cost-beneficial (see Klees, 1975, Chapter 9 for an 
extensive discussion of this point relative to Telesecundaria); in 
particular,, a system which encourages the migration of the most 
bright and able rural youth to the overcrowded Mexican urban areas, 
that have significant unemployment problems already, may not be in 
the best interests of the individual students, nor of the country 
as a whole. Although this does not reflect in any way on thit cost- 
effectiveness of Telesecundaria as opposed to the traditional system. 
It does highlight a problem common to most developing countries faced 
with a growing social demand for education, especially in the oft- 
neglected rural regions. A commitment to rural development cannot 
be met by a wholesale transfer of an urban oriented curriculum to a 
rural educational system, but must involve resources invested to 
create rewarding employment opportunities within rural areas and 
the development of an education system designed to deal specifically 
with rural problems* Systems such as Telesecundaria may have great 
potential, but careful attention needs to be given to the goals 
towards which this potential will be directed. 
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APPENDIX 
EXCHANGE RATES AND GNF DEFLATORS 

Exchange Rates Utilized la this Study ; 

Nicaragua: 
Mexico: 
Thailand: 
El Salvador: 
Korea: 



7 Cordoba ■» 
12.5 Pesos - 
15 Baht 
2.5 Colones - 
490 Won ■ 



1 U.S. dollar 
1 U.S. dollar 
1 U.S. dollar 
1 U.S. dollar 
1 U. S. dollar 



GNP Deflators Utilized to Convert to 1972 U.S. Dollars; 



Year 


Index 


Tear 


Index 


1958 


100.00 


1968 


122.30 


1960 


103.29 


1969 


128.20 


1961 


104.62 


1970 


135.23 


1962 


105.78 


1971 


141.61 


1963 


107.17 


1972 


145.88 


1964 


108.85 


1973 


154.31 


1965 


110.86 


1974 


170.18 


1966 


113. 95 


1975 


182.74 


1967 


117.59 







-287- 



Ref erences 



Advanced system for communications and education In national 
development , Stanford University: School of Engineering, 1967. 

Ayrom, M. T. Autonomous electrical power sources for Isolated tele- 
communications stations. National Iranian Radio and Television, 
Stanford University, June 1975. (Mlmeo.) 

Baker, F. B. Computer-based Instructional management systems: A first 
look. Review of Educational Research , 1971, 41, 51-70. 

Baldwin, L. V., Davis, P., & Maxwell, L. M. Innovative off-campus 

educational programs of Colorado State University. Special report 
to the President's Science Advisory Committee Panel on Educational 
Research and Development, April 1972. 

Ball, J., & Jamison, D. Computer-assisted instruction for dispersed 
populations: System cost models. Instructional Science , 1973, 
1, 469-501. 

Batunol, W. Macroeconomics of unbalanced growth: The anatomy of urban 
crisis. American Economic Review , 1967, 57, 415-426. 

Bostick, R. Differentiated teaching teams and their effect on recurrent 
teacher expenditures : The Kofean Primary-Middle School Reform . 
Unpublished master's thesis. The George Washington University, 1975. 

Bourret, P. Television in rural areas: A low-cost alternative. In R. 
Amove (Ed» ) , Educational television : A policy guide and critique 
for developing countries . Stanford University, School of Education, 
1973. 

Bowles, S. Planning educational systems for economic growth . 
Cambridge: Harvard University Press, 1969. 

Bowman, M. J. The costing of human resource development. In E. A. G. 
Robinson and J. E. Vaizey (Eds.), The economics of education ^ 
New York: St. Martin's Press, 1966. Pp. 421-450. 

Broadbent, D. , Brooke, D. A., Stone, W. , & Parrish, W. Report of the 

Commission of Inquiry into Television' in the Territory of Papua and 
New Guinea. Port Moresby, New Guinea, 1966. 

Butman, R. C. Satellite television for India ; Techno-economlc factors . 
Cambridge, Mass.: Massachusetts Institute of Technology, 1972. 



ASCEND. 



297 



288- 



Butman, R. C, Rathjens, G. W. , & Warren, C. Techno-economlc considerations 
In public service broadcast communications for developing countries . 
Academy for Educational Development, Report Number Nine, 1973. 

Camoy, M. The economic costs and returns to educational television. 
Economic Development and Cultural Chan^, 1975, 23(2), 207-248. 

Camoy, M. , & Levin, H. M. Evaluation of educational media: Some 
Issues. Instructional Science , 1975, 4, 385-406. 

Carpenter, H. A. Teaching science by radio. Junior-Senior Hieh School 
Clearing House , March 1934. 

Carter, J. Using wind as energy. California Living. San Francisco 
Chronicle, June 15, 1975. 

Chu, G. C. & Schranm, W. Learning from television ; What the research says . 
Washington, D. C. : National Association of Educational Broadcasters, 
1967. 

Coleman, J. S., & Karweit, N. L. Multi-level information systems In 
education (Report 19287-RC) . Santa Monica, Calif.: The Rand 
Corporation, 1968. 

College of Engineering, University of Maryland. A proposal for the 

University of Maryland . Instructional Television Network, February 
1972. 

Consumer Reports. FM/ AM portable radios. Consumer Reports , July 1975, 
436-439. 

Cook, D. C, fit Nemzek, C. L. The effectiveness of teaching by radio. 
Journal of Educational Research , 1939, 33, 105-109. 

Cook, J. 0. Research in audio-visual communication. In J. Ball and F. C. 
Byrees (Eds.), Research , principles , and practices in visual communi- 
cation . East Lansing: Michigan State University, National Project 
in Agricultural Communications, 1960. 

Coombs, P. The world educational crisis : A system s? analysis . New York 
and London: Oxford University Press, 1968. 

Coombs, P. H., fir Hallak, J. Managing educational costs . New York and 
London: Oxford University Press, 1972. 

Dasgupta, P., Sen, A., & Marglin, S. Guidelines for project evaluation. 
UNIDO Project Formulation and Evaluation Series, No. 2. New York: 
United Nations, 1972. 



29S 



-289- 



Davis, R. C. Planning human resource development . Chicago: Rand 
McNally, 1966. 

Dodds, T. Multi-media ap^^roaches to rural education , Cambridge, England: 
International Extension College, 1972. 

Dordlck, H. The Bavarian tellekolleg: A case study. Unpublished 
paper, (n.d. ) . 

Dubln, R. , & Hedley, R. A. The medium may be related to the message: 

College Instruction by TV> Eugene: University of Oregon Press, 1969. 

Dunn, D. , Luslgnan, B. , & Parker, E. Teleconferencing : Cost optimization 
of satellite and ground systems for continuing professional education 
and medical services . Stanford University: Institute for Public 
Policy Analysis, 1972. 

Eddlng, F. Expenditure on education: Statistics and comments. In E. A. G. 
Robinson and J. E. Valzey (Eds.), The economics of education . New York: 
St. Martin's Press, 1966. Pp. 24-70. 

Fisher, G. C ost considerations In systems analysis . Santa Monica, 
California: The Rand Corporation, 1971. 

Forsythe, R. 0. Instructional radio ; A position paper . Unpublished 
paper. Stanford University, 1970. (ERIC Document Reproduction 
Service No. ED 044 933) 

General Learning Corporation. Cost study of educational media systems and 
their equipment components . Vols. I and II. Washington, D.C-: ERIC 
Clearinghouse, Document ED 024 286, 1968. 

Goreux, L. M. , & Manne, A. S. (Eds.) Multi-level plannin g: Case studies 
in Mexico . New York: American Elsevier, 1973. 

Greenhill, L* P. Penn State experiments with two-way audio systems for 
CCTV. NAM Journal, 1964, 23, 73-78. 

Grillches, Z. Notes on the role of education in production functions and 
growth accounting. In W. L. Hansen (Ed.), Education , income , and 
human capital . New York: Columbia University Press, 1970. 

Hallak, J. The analysis of educational costs and expenditures . Paris: 
UNESCO International Institute for Educational Planning, 1969. 

Haller, E. J. Cost analysis for educational program evaluation. In 

W. J. Popham (Ed.), Evaluation In education . Berkeley, Califomia: 
McCutchan Publishing Co. , 1974. 

Harrison, M. Measures of the effect of radio programs in rural schools. 
Education on the Air . Columbus : Ohio State University, 1932. 



299 



-290- 



Hayman, R. W. , & Levin, H. Economic analysis and historical summary of 
educational technology costs. To appear as Appendix C of A. Melmed 
(Rapporteur) , Productivity and efficiency in education . Washington, 
D.C.: Federal Council on Science and Technology, 1973. 

Henderson, J. M. , & Quandt, R. E. Microeconomic theory. . New York: 
McGraw-Hill, 1958. 

Heron, W. T. , & Ziebarth, E. W. A preliminary experimental comparison 
of radio and classroom lectures. Speech Monographs , 1946, 13, 
54-57. 

Homik, R. , Ingle, H. , Mayo, J., McAnany, E. , & Schramm, W. Television 

and educational reform in El Salvador ; Final Report . Stanford, Calif.: 
Institute for Communication Research, Research Report, No. 14, 1973. 

Jamison, D. Alternative strategies for primary education In Indonesia; 
A cost-effectiveness analysis . Research paper 46, Graduate School 
oif Business, Stanford Universitjy, 1971. 

Jamison, D. Wntps on cost-effectiveness evaluation of schooling in developing 
countries . Unpublished paper, Stanford University, 1972. 

Jamison, D., Jamison. M. , & Hewlett, S. Satellite radio; Better than ETV. 
Astronautics and Aeronautics , 1967, _7, 92-96. 

Jamison, D. , & Klees, S. The cost of Instructional radio and television 
for developing countries. Instructional Science , 1975, 4, 333-384. 

Jamison, D. , & Lumsden, K. G. . Television and efficiency in lilgher 
education. Management Scien c6, 1975, 21, 920-930. -■ _ > 



Jamison, D. , Suppes, P., & Wells, S. The effectiveness of alternative 
i nstructional media ; A survey . Review of Ed ucational Research , 
im, 1-67. - , - 

Jamison, M. Low cost educational systems for developing regions: An 

application of systems analysis to educational planning. Unpublished 
doctoral dissertation. University of California, Los. Angeles, 1966. 

Jamison, M. , & Bett, S. Satellite educational system egsts^. Washington, 
D.C.: Office of Telecommunications Policy, 1973. 

Jaiaky, J. M. , Potter, J. G. , & Lusignan, B. B. System alternatives for 
the Public Service Satellite Consortium , (n. d,). 

KEDI (Korea Educational Development Institute). Annual Report 1972-74. 
Seoul, Korea: KEDI, 1974. 



300 



-291- 



Kemeny, J. G. , Schleifer, A., Jr., Snell, J. L. , & Thompson, G. L. Finite 
mathematics with business applications , Englewood Cliffs, New Jersey: 
Prentice-Hall, 1962. 

Klees, S. Education in Mexico: The primary and second school system. 
Unpublished paper, Stanford University, 1972. 

Klees, S. Instructional technology and its relationship to quality and 
equality in education in £ developing nation : A case study of 
instructional television in Mexico . (Unpublished doctoral 
dissertation Stanford University, 1974.) Princeton, N.J.: 
Educational Testing Service, 1975. 

Krival, A. Project report : Radio/correspondence education project no . 
615-11-650-129 , USAID/UWEX . University of Wisconsin, 1970. 

Laidlav, B. , & Layard, R. Traditonal versus Open University teaching 
methods: A cost comparison. Higher Education , 1974, _3, 439-467. 

Layard, R. The cost-effectiveness of the new media in higher education. 
In K. Lumsden (Ed. ) > Efficiency in universities : The La Paz papers . 
Amsterdam: Elsevier, 1973. 

Lee, C. J. The life cycle cost analysis of the transmission system for the 
educational reform in Korea. Unpublished typescript, Seoul, Korea: 
KEDI, 1975. 

Lefranc, R. Educational television in Niger. In W. Schramm, et al. (Eds.), 
New educational media in action : Case studies for planners . Vol. II. 
Paris: UNESCO International Institute for Educational Planning, 1967. 

Levin, H. M. Cost-effectiveness analysis in evaluation research. 
In M. Guttenberg (Ed.) , Handbook of evaluation research . 
Beverly Hills, Calif.: Sage Publications, Inc., 1974. 

Los Angeles City School Districts, Division of Extension and Higher Education. 
An evaluation of closed-circuit instructional television in Los Angeles 
City College and Los Angeles Valley College, 1959. (Mlmeo.) 

Lumley, F. H. Rates of speech in radio speaking. Quarterly Journal of 
Speech , June 1933. 

Lumsden, K. The Open University: A survey and economic analysis. 
Unpublished paper, Stanford University. 

Lumsden, K. , & Ritchie, C. The Open University: A survey and economic 
analysis. Instructional Science , 1975, 4^. 



301 



-292- 



Lyle, J. Colombia's national programme for primary level television 

instruction. In W. Schramn, et al. (Eds.)i New educational media 
inaction: Case studies for planners . Vol. II. Paris: UNESCO 
Intemational Institute for Educational Planning, 1967. 

Madden, J. V. Experimental study of student achievement in relation 

to class size. School Science and itethematics , 1968, 68, 619-622. 

Martin-Vegue, C. A., Morris, A. J., Rosenberg, J. M. , & Talmadge, G. E. 

Technical and economic factors in miversity instructional television 
systems. Proceedings of the IEEE . 1971, 59, 946-953. 

Martin-Vegue, C. A., Morris, A. J., & Talmadge, G. E. University instruc- 
tional television networks. Journal of Educational Technology Systems, 
1972, 1, 35-55. 

Masoner, P. H. Report of preliminary planning project for an analytical 
case study of the Korean Educational Development Institute. April 
1975. 

Mayo, J., Homik, R. , & McAnany, E. Educational reform with television : 
The El Salvador experience . Stanford, California: Stanford 
University Press, 1976. 

Mayo, J., KcAnany, E., & Klees, S. The Mexican Telesecundaria : A cost- 
effectivenss analysis. Stanford University: Institute for Communi- 
cation Research, 1973. To appear in Instructional Science, 1975. 

Mielke, K. W. Asking the right ETV research questions. Educational 
Broadcasting Review , December 1968, 2^(6), 54-62. 

Miles, J. R. Radio and elementary science teaching. Journal of. 
Applied Psychology . 1940, 24, 714-720. 

Morgan, R. , & Chadwick, C. B. (Eds.) Sjrstems analysis for educational chmge 
The Republic of Korea . Tallahassee, Florida: The Florida State 
University, 1971. 

National Instructional Television Center. Guidebook : Television instruc- 
tion . Bloomlngton, Indiana: National Instructional Television, 1974. 

New ERA (New Educational Reform Associates) . Radio listening patterns 
in Nepal , 1974. Katmandu, Nepal: New ERA, 1974. 

Pettitt, J. M. , & Grace, E. J. The Stanford instructional television 
network. IEEE Spectrum , 1970, 7., 73-80. 

Polcyn, K. et al. Broadcast satellites and other educational technology; 
Possible key policy decision points 1972-1976 . Washington, D.C.: 
Academy for Educational Development, 1972. (Draft) 



-293- 



Psacharoupoulos, G. Returns to education : An International compariaon , 
Amsterdam: Elsevier, 1972. 

Rao, B. S., & Manjunath, A. S. Primary power sources for community 
television receivers. In B. S. Rao et al. (Eds.), Satellite 
instructional television systems ; A compendium of monographs . 
Papers presented at the U.N. Panel Meetings at Ahmedabad, India, 
Dec. 1972. 

Rathjens, G. , Butman, R. , & Vaidya, R. Radio broadcasting and telecom- 
munications in Nepal . A paper prepared for USAID, 1975. 

Schmelkes de Sotelo, S. Estudio de evaluacion aproximativa de las 
escuelas radi^fcnicas de la Tarahumara (Mexico). Revista del 
centro de estudio educativos , 1972, ^. (Reprints unpaginated.) 

Schmelkes de Sotelo, S. The radio schools of the Tarahtm)ara, Mexico: 
An evaluation. Stanford University: Institute for Communication 
Research, 1973. 

Schramm, W. What the research says. In W. Schramm (Ed.), Q uality in 
instructional television . Honolulu, Hawaii: The University Press 
of Hawaii, 1972. Pp. 44-79. 

Schramm, W. Big media , little media . Stanford University: Institute 
for Communication Research, 1973. 

Schramm, W. , Coombs, P. H. , Kahnert, F. , & Lyle, J. New educational media 
in action : Case studies for planners . (Vols. I, II, and III) Paris: 
UNESCO International Institute for Educational Planning, 1967. 

Schramm, W. , Coombs, P. H. , Kahnert, F. , & Lyle, J. The new media : Memo 
to educational planners . Paris: UNESCO International Institute for 
Educational Planning, 1967. 

Schultz, T. W. Investment in htmian capital — the role of education and 
research . New York: The Free Press, 1971. 

Searle, B. , Friend, J., & Suppes, P. Application of radio to teaching 
elementary mathematics in £ developing country . Stanford, 
California: Institute for Mathematical Studies in the Social 
Sciences, 1975. 

Smith, D. C, & Janky, J, M. Direct broadcast satellites. In P. Spain 
(Ed. ) , A direct broadcast satellite for Africa? Institute for 
Communication Research, Stanford University, 1972. 

Societe Centrale des Inventions Pratiques and J. Gallard. Etude 

d* alimentation autonome pour televiseurs tropicalises realisee ja 
Inattention de la Compagnie Africa ine de Television , 1972 . 



303 



-294- 



Societe d'Informatlque, de Consells et de Recherche Operatlonnelle 
(S»I.N.C.R.O.) . Manuel du progrannne d' Education televlsuelle : 
1' analyse flnanclere , (Vol. Ill) Paris: 1972. 

Southwestern Signal Corps Training Center lii Camp San Luis Obispo, California. 
Instructor-student contact In teaching by television . Training evalua- 
tion and research programs, Part IV. Training Research Programs, 1953. 

Sovereign, M. G. Costs of educational media systems . ERIC Clearinghouse 
on Educational Media and Technology, Stanford University, 1969. 
(This Is a summary of General Learning Corporation, [1968].) 

Spain, P. (Ed.) A direct broadcast satellite system for education and 
development In Africa ? Stanford University: Institute for 
CommiHxlcatlon Research, 1972. 

Spain, P. A report on the system of radloprlmarla In the state of San 

Luis Potosl, Mexico. Stanford University: Institute for Conmunica- 
tlon Research, 1973. 

Speagle, R. E. Educational reform and Instructional television In El 

Salvador: Costs, benefits , and payoffs . Washington, D.C.: Academy 
for Educational Development, 1972. 

Stlckell, D. W. A critical review of the methodology and results of 

research comparing televised and face-to-face Instruction. 
Unpublished doctoral dissertation, Pennsylvania State University, 
1963. 

Stult, D. B. et al. An experiment In teaching . Iowa closed-circuit 

television teaching experiment: Summary report. Iowa City: State 
University of Iowa, 1956. 

Thomas, J. A. The productive school — a systems analysis approach to 
educational administration . New York: John Wiley & Sons, 1971. 

UNESCO. Working group on Information exchange on technic al <.Ad 
economic studies related to educational technology : I, ^ ^iil 
report . Paris: UNESCO, January 1975. 

Valzey, J., & Chesswas, J. D. The costing of educational plans . Paris: 
UNESCO International Institute for Educational Planning, 1967. 

Valzey, J., Norrls, & Sheehan, J. The political economy of education . 
London: Gerald Duckworth and Company, 1972. 

Wade, S. Hagerstown: A pioneer In closed circuit television. In HEP, 
New educational media In action : Case studies for planners . Paris : 
UNESCO, HEP, 1967. 



304 



-295- 



Wagner, L. Television video-tape systems for off-campus education: A 
cost analysis of SURGE. Instructional Science , 1975, 

Wagner, L. The economics of the Open University. Higher Education , 1972, 
1, 159-183. 

Walsh, V. C. Introduction to contemporary microeconomics . New York: 
McGraw-Hill, 1970. 

Washington County Board of Education. Circuit Television Report . » 

Hagerstown, Maryland: Washington County Bo^rd of Education, 1963. 

Washington County Board of Education. Data Concerning the Cost of 
Television Services . Hagerstown, Maryland: Washington County 
Board of Education, 1973. 

Washington County Instructional Television Evaluation Committee. The 

Report , of the Washington County Instructional Television Evaluation 
Committee . Washington County, Maryland: County Commissioners, 1973* 

Wells, S. Technology , efficiency , and educational production . (Unpub- 
lished doctoral dissertation, Stanford University, 1974.) Princeton, 
N.J.: Educational Testing Service, 1975. 

Wells, S. , & Klees, S. A cost analysis of the Hagerstown ITV system * 
Unpublished paper, Princeton, N. J. : Educational Testing Service, 
1974. 

Wiles, M. K. The evaluation of school news broadcasts . Unpublished 
doctoral dissertation, Ohio State University, 1940. 

Wilson, J. Q. On Pettlgrew and Armor: An afterword. The Public 
Interest , 1973, 30, 132-134. 

Wilson, T. J., Spaulding, W. E., & Smith, D. C, Jr. Books and economic 

development. In Human resources ; training of scientific and technical 
personnel . (Vol. XI) United States Papers for the United Nations 
Conference on the Application of Science and Technology for the 
Benefit of the Less Developed Areas. Washington, B.C.: U* S* 
Government Printing Office, no date (about 1963). 

Woelfel, N. E., & Tyler, I. K. (Eds.) Radio and the school : A guide- 
book for teachers and administrators . Yonkers-on-Hudson, N. Y. : 
World Book Co., 1945. 

Wolgamuth, D. A comparative study of three techniques of student feedback 
in television teaching : The effectiveness of an electrical feedback 
system . NDEA Title VII Project No. 453. Washington, D.C. : U. S. 
Office of Education, 1961. 

Woodhall, M. , & Blaug, M. Productivity trends In British secondary 
education 1950-1963. Sociology of Education, Winter 1968. 



305 



